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(57) ABSTRACT

Disclosed herein 1s a device that includes: a plurality of first
standard cells arranged on a semiconductor substrate 1n a first
direction, each of the first standard cells including at least one
field-eflect transistor; and a first power supply wiring extend-
ing in the first direction along one end of the first standard
cells 1n a second direction. The field-effect transistor includ-
ing a gate electrode formed on a gate wiring layer. The first
power supply wiring being formed on the gate wiring layer.

22 Claims, 26 Drawing Sheets

GT

/

Lon

........ - _ W,
Ty

~ CT2

AN

~ CT3

AN

> OT4

- e o v e omm -— o o=

A % ’ > GT5




US 9,165,923 B2

Sheet 1 of 26

Oct. 209 2015

U.S. Patent

P N N o

AN

s .,,Z
NN /dV

..,,..V//ﬂ///-
! 1 -
AARRRNRRT RN ...,/,,///V

.ﬂﬂr
o -
/4,///4,
_____ A//g

AN

2~ NN

FlG.1



CT

US 9,165,923 B2

Sheet 2 of 26

]
E
E S
4
K
K

L]
L
F
4
L]
a
*

L)
.
r
r
.
r
—laf

AP Sl mmp R T S ey w—

-
-
r
[
r
F
»

(o N I QT BRI S R e T

Oct. 20, 2015

U.S. Patent

F1G.2



US 9,165,923 B2

Sheet 3 of 26

Oct. 20, 2015

U.S. Patent

w

7

& Dl
oL
dgs § ugs c“@ uqas

Md

] ——~—IN

N
)

¢€
)

_
_
_
_
_
It
_
_
_
_
_

£

IS

|
_
!

plg—————————

! o4



U.S. Patent Oct. 20, 2015 Sheet 4 of 26 US 9,165,923 B2

CT

FC GVO FC GVO FC GVO

( ;V 'I A iy Ty PP fffﬁf‘fffffﬂfffﬂfﬂﬂfffffffffﬁ AT o AR A AR SN a A ~

‘ E'E"“" ;,ny e i
i IHA 11 ] A I
1 tfi f 1 |
iR A ¥ ¢BLL >.
. SC1 M4 11 ik sc1 i ~CT
1§ ] ¥ I i
; 2 'R
! il I 1 I 1 T ;
{ il ¥ 4 ¥ 1 H L)
G v 2 Tl o T A g R S i A i T K A o A A T g R A A i A N A R A i B R T S Ay ----""'J
. x
I i ' ; 5 ; A )
| | i1 H 4 1 At t
: | ; ; : H i
il ¥ # 19 Kt I
SC2 SC2 H : Al SC21 > CT2
fam Flq ; 4 ¥
l i q ¥ # T i
I K # M B
) I 1H [ ’ il Hs t
; : ; 4k W,
1 1 E g l i ]
' 1y ; 4 | t i
I l ?: 5 l | %
i 1% 1 It | I >_
i SC3 tf ; 1 Hi SCS ! 803 | CT3
1 1 ¢ q Ht : |
i ! ; ! I } ]
§a 1 i
G v 4 -I"ffffff#ﬂl‘?‘f.ﬂ'ff’ffffffJ’Ffl‘fffffﬂffffffffffff fffff-i"f-l"fff;l‘J"fffff.ﬂl"‘-ﬁffFffffffffffffffff ;‘fj‘J‘-i"'.i'-l';!Jffffffﬂ'fffffliffffj -J‘J
! - # " F - f F
| 17 ] 1:§: 1 C
; 1 1H 3 F 1 K |
! i ] K iyl ¢ - i
' 1Y 15 i i ; 4 A i
.. # # # >-
. SC4 i Y 1 sca | >~CT4
! 17 tH ! ] g 1 He o
i 11 1} 1 e E 1 H r
! i 1f i i A Hi , P
G V 5 fffffffffffffffffffffl"fl’ffffffflﬂ‘fff.ﬂ"ffffffffffffffffffffffffffff’l.FJ'I!"-I W i"'.f'..::i".ﬂ"fffﬂfffffffffffﬂffJ’J’J’ffffl.i -..\
. o
: R 4 [ 1 Hi | l I
i W 5 di ; (41 i | 1
I I 1 Hi 2] i i
i 10 ¢ 1 H 1 ¥ 1
i SCh d : 1 oCh 1, | | : >~ CTH
i b L 2 My t .
1 L 4 ¥ 1 !
G v 6 . o o B S O S R AT S o A S SO S S S A R A A S R B S R R S O N B A S, WA A N R R A R A B ..--"A

v ARV

SCH

F1G.4



US 9,165,923 B2

Sheet 5 of 26

Oct. 20, 2015

U.S. Patent

GP1 GP2 GP3 GP4

GV

M1Vx

> 5 o ~

.- m m €2 ) = m .......... ,.u
sy S S EE A Nt A S N
Rt ﬁ

N7 Gial o A S &L

WM & N\Wi&ﬂ& V.V ///// ////////// MMMN%\W\ An\/\/\lﬂ
B m\m\%\ ms.m\»\v\«,i;ﬂ
Ll e | N e
S u\\\\\\\\\\\\\\\\\\%@&\\\\\\\\h s ) I
@m&l/////////// ///////////WVVV///////// N o Z ﬁu
%Wa\\\\.. L.li& S8 #i&\ N = = W&

r""’&
5588

A
§
N
M
N
NB
§,

. Wy e bk e WA i xS e kb A bkt T ks mb R e S M ke g ket VPR b i R Al e— ek I L —paTe S g RN A m— e i .

GnZz Gnl

F1G.o




U.S. Patent Oct. 20, 2015 Sheet 6 of 26 US 9,165,923 B2

VDD
M1V
PMOS1
PMOS2
INTe 50UT
IN2¢
NMOS!
M1S
VSS

F1G.6



U.S. Patent Oct. 20, 2015 Sheet 7 of 26

'-ﬂ'ﬂ-'__“*'ﬂhﬂ#ﬂhﬁ—nﬂ”ﬂﬂﬂ-ﬂ‘ﬂ-ﬂ

AN

L R vy g N M Wy o N ML B gy AN N A Yem —-l-r#--.-l:

INT1 OUT11

t-h-lnih-i W win W ol war e WU AN bk mir W e Wl e

OUT13  IN13
W6 \

US 9,165,923 B2

e et gy

T LY,
NN
N LIIIIISIIIIY ]

AN\
W5

F1G.7

'n#-!l'l-.l



US 9,165,923 B2

Sheet 8 of 26

Oct. 20, 2015

U.S. Patent

L3

G}/I

M1Vx(VNW)

=
3 %
.__ 5 5 coR |
“.mm A R m
\) ,... X
,%, //////4?///1?////2 //._VV_//////////,/V//J _W.& 2
5 .w\\‘\ \mv W ases aess] | Y < N
AT I T .V/////////////// S
S ////,,/////////////////v&
“? iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii + G
a

L.

Fl1G.3



US 9,165,923 B2

Sheet 9 of 26

GV1

Oct. 20, 2015
M1Vx(VNW)

U.S. Patent

M2SPW(VPW)

=
- = . 2 x N

- > o = M/ w C %~
AN T ////élﬂ////////&

R T T T T T Y e N O Ry 4
mﬂ.vd\\\»\\\ ASTEHR S ARG A ‘4%&:%\\ RO %ﬁ“
R oveed | ORI R Y
WWM%V%%%%&E“ ':.“.“.“. ,..th_“

_ “ llllllllllllllllllllllllllllllllllll A A o N b e e ?Mr'u o
- 8 M AN
s ° S LN

F1G.9



US 9,165,923 B2

GV2

Sheet 10 of 26

Oct. 20, 2015

~FC

U.S. Patent

\"
GV4

FC

= I 7

x | O \E R oy R N 3
”.M ::::: Ao ot % tttttttt V :::::::::::: ”ﬁﬂ uﬁr...rfff#ﬂ#ffffjﬂfaﬁ/fg{fffffﬂﬂﬂfd W __..._ﬂ,___.._...... rﬂﬁfﬁ#ﬂ#ﬂ#ﬂffgﬁfﬁ e B o W..
W..uﬂﬂfjdrg“ fdff#ﬂ% ﬁriﬁuﬂﬁgéffﬂm ?ﬂﬁfﬂfﬂ#ﬂffﬁﬂrﬁﬂﬂﬂ/ﬂ ?#ﬂ#ﬂffﬂﬂ#fﬁ ﬂ #ﬁﬂﬁﬂﬁﬁﬁﬁfﬁf}dﬂﬁﬂﬂ.ﬂﬁ#ﬂ#ﬂ#ﬂ#fﬂﬂ#ﬂ#ﬂﬁﬁﬁ M
b H lﬁfﬂd{ fI.'..m,M ._..“__.“, ﬂ P e ._._'...“
R~ = e g b " . \
3 u.«..m ,._W_., M...,__,,,.,f..__.,ﬁ_...ﬁi N Wﬁﬁrﬁﬁﬁu ﬁ.ﬁﬁgﬁﬁﬁgfgﬁﬂm
?#.f#ﬁ.#ﬂf####g AN N # ﬂ #
?#f#ﬁ#ﬂ#ﬁ#ﬂf)ﬂ .__.ﬂ.. p..._.__ :ﬂ; ﬂu .W. | | ._.I.r..
sV Ry SSsSrE—
T e ﬁﬁrgfﬂﬁfﬂﬂﬂﬁﬁﬂﬁﬂﬁﬁfﬂﬁ ﬂ M n.rﬁ.r.._..Jf.._.,#i._.r#ﬁﬁéﬂffﬂﬂfﬂfﬁﬁffiﬂﬂﬂ_.._.F.f..f.f.r W
F&Hﬁ#ﬁ#ﬂ#ﬂﬁﬁﬂ%ﬁﬁ#ﬂ#ﬁ#ﬁﬁfﬁﬂﬂ#{ﬁmﬂ W ?ﬁ#ﬁ.ﬁdﬁrﬁﬁfﬂﬁfff#ﬂﬂﬁnf Aﬂ:ﬁﬁwﬂifffffﬁﬂﬂfﬁ M .?J#ffffw?ﬂﬁfwg}ﬂ %ﬂfﬁ?fﬁﬁf#ﬂ?ﬁ#ﬁ?fﬂffw M
ﬁ#ﬁﬂ#ﬁ#ﬁ#ﬂiifiﬁfﬁﬂ?ﬁ M r##ff#ﬂﬁ#ff#ﬁ.ﬁrfdﬁfffy//..rﬁ..rf##ﬂrﬂiffﬁ M ___....E.__....Erfﬁf#ﬂﬂfﬁ%ﬁ#ﬁﬁﬁﬁ!ﬂﬂ#ﬂﬁﬁfﬁ!ﬂf#ﬂ#ﬁ ....__..h.p__._
.Hﬂﬁrﬁf.._.....,._...._r.r._._..ﬁ%ﬂfﬂ#ﬁﬂﬂﬂ#ﬂ#ﬂﬂfﬂﬂ#fy ._.._w_ W B S e T, /...#f#ﬂ###!f###ﬂ: __ﬂf fﬁ#ﬂ#ﬂiﬂ#ﬁﬂ!fﬁ%ﬁ#ﬁﬂHﬂﬂﬁ!ﬁ#ﬂ.ﬂrﬂﬂﬁﬁﬁffj ﬁ
Hﬂﬂrﬁ.._..,F#ﬂﬂﬂﬂ#%iﬂfﬂﬁfﬁﬂﬂ.ﬂ#ﬂ#ffﬂﬂgﬂﬁﬁ M ﬁﬂrﬂﬂf#ﬂf#ﬁ!ﬂﬂﬂﬂf#ﬁ#ﬁ/ AR SR .._._.I..._... ._......._...,_...._.._..J.ﬁf#ﬂlﬁffrdﬂﬁ.miffﬂﬁr###ﬁ##!#ﬂ#ﬁff.ﬁ?ﬂ#ﬂf#ﬂ ..__.,M
?ﬂ#ﬂ?ff?ﬂ#ﬂ#ﬂfJﬂﬂrﬁfﬂ#ﬁ?ﬁ#ﬁ#ﬁf#ﬂfﬁ#ﬁ u.r_,_ ._ﬂ... ?f####ffﬁf##ﬂ#ﬂﬂ.r#f#ﬂ#fﬂ// M Ff}ﬁf#ﬂﬂﬂ#ﬁ.ﬁﬂrﬁf#ﬂ#ﬂﬂf#ﬁ#ﬂ# W
.....J? . . -y oy b . AN f 3 AR N
Wf#ﬂﬂ?ﬁf?ﬁ#ﬁ#ﬂﬂfffﬁ ..# ﬁ AR AR R # Ry ﬂ
rffﬂfﬂﬂfﬁfffﬂfffﬂfg W rfﬂﬂﬂﬂﬂﬁﬂ.ﬁﬁ?fﬁﬁ rfrf#ﬂf#ﬁfﬂ#ﬁ ﬁ AR AR A AR AN W
..#_ﬁ u..” ..ﬂ._. .&rffﬁﬁrfffffffffgff?ffffiﬁ W “.....r..r....._.___...._..Hﬁffaﬁ%ﬁ#ﬂ#ﬂ#ﬂfff#ﬂ#ﬂﬂffx ﬂ
. : .f#ﬂﬁﬂ.rff#ﬂ#ﬂﬂfffﬂw .ﬂ ﬁ ? .._...._.._._.. rﬂ#ﬂ#ﬁ#ﬂffdﬁﬂvgﬁﬁ...._....._.,._.r__r._..ﬂ.r..r..._....?,__ M
G .I iﬁ#ﬁﬁ#ﬂfff#ﬂ?ﬁﬂfﬁﬂﬂﬁ:fﬂm ﬁ N AN Jﬂ%ﬂﬂm ”._____...r ﬂ
N ?ﬂ#ﬂ#f#f#ﬂff#ﬂ#ﬂfﬁ. nﬂ m":rgg}%gff Jﬁﬁ.mr SR ._Ir E— W
3 3 1 N T e ﬂ,lﬂlm
:._...’.. ?f#####ffffﬁﬂfé _ ”u ﬂ /f/ﬁ.&rfr gﬁ#ﬁ ffd§§§
ﬁ ?Ff?ﬁ#ﬁ#ﬂfff}rﬂ Wf m ‘.ﬁr ﬁ M mm——— WM
ﬂ ARRARARSNANS ﬂ W.. W NN ﬂ W
M ?ﬂﬂﬂﬂﬁfﬂfﬂff&rf?ﬂfﬁfﬁﬁfff#ﬂfﬂfﬁ . # ”__..._..._.M hﬂ M M
\ ="MW \ ,_,,m
ﬂ”m._. f}ﬁ?ffffffffﬁﬁ%ﬂfﬂffff ey 1 M M “_..._..._._..._.__.
X - - — N R SES _ 3
ﬂ ?ﬁfﬁffffﬂﬂﬂﬁﬁ ﬁ m_m gﬂ#ﬂ#ﬂff#ﬁf#ﬂﬂ#ﬁ#ﬁ# ﬂ ?f#ﬂ#ﬂ#% W _. ?#Ff##ﬂfﬁ__ﬂl/ﬁ fﬂ:
ﬁ ?ﬂﬂ?ﬂf.ﬁ#ﬁ#ﬂ}mﬂ ﬂ .._#._. nrﬂsrjm#ﬁ!#fﬂ##ﬁ#fﬁ#ﬁ#ﬂ#fﬁﬂ&ﬂﬂﬁrﬂﬂ#ﬁfﬂf#ﬂﬂﬂﬂi ”..... P.ff#fffﬁ__ﬂop” :ﬂ......__.
...._.__.__u_.. N O . ﬁ ﬁ AANNTARARNINAKN mu._. SRR ﬂ W
ﬁ (5 . __.._._......” w ﬁ w.fﬂﬂff;rff#ﬂ#fﬁ M W
M —— w ?ﬂ#ﬂ#ﬁ!ﬂ#ﬂ#ﬂﬂ# W ._”.._._n_..:.
.. . ti.t..&l. R ™ T s S o e e = b AT A SN AU AN N ..
Ay ﬁ?%ﬁﬁﬁﬁﬁ%ﬁm X, e — ..m W
y,r_ g g T e o A o m_..n i __.__?: #
m r..rﬂﬂ#ﬂﬂﬂfffﬁﬂ&f)f%ﬁﬂﬂﬂ#ﬂ#ﬁ#ﬂ#ﬂ#ﬂ!ﬁffff._._.......___...... m \ M M
._......_f.. %ﬁﬁﬂﬁ#ﬂiﬁﬂﬂ o ?ﬂf#ﬁ#ﬂ#ﬁrﬁn’ﬁ“ ﬂu ____ﬂ n_.._..
__._..J ™ ARSI R A = ﬂu .:...._._ N
ﬁ W ._._.ﬁ _;..I_._” ﬂlf/ AR A M A A e T AR A lﬂ.._._f.
N R ST\ SRS N e N e
NEN J By 2 o e A =
R e _ X —— 3 N R
ﬁ W e :ﬁ%}ﬂ%ﬁ#ff -~ Hiﬂgagf# ffﬁdr###ff###fﬁ%fﬂ#ﬂ#ﬁf##ﬂﬁ M ﬂ....”
R % % ) £ X Rlsaasaasinseeaase N & 2

GVD

F1G.10



US 9,165,923 B2

s N . N e
m...ﬁ .“. r% Q V © m..” RN J_.ﬂfm..f RPRPRAN N mw.. ..% Fﬁ#ff#ﬁﬂﬂ#ﬂ#ﬁf H#rrr#.rrr#.r,rwfﬁwwﬂd
R At T T Ry R ;.;g ﬁ% AU 0 DR b X [ PR
ﬁ_ Jﬂffffgnﬁﬁfﬁp ﬁ.ﬂfjﬁﬂ.ﬂr..fﬁ: NASSERRRAN i.._. %EFJ# ”” rﬁffﬁﬁffffﬂﬂfﬁ%ﬂf RREARAAARARNARIARNINN
_ PRGNS PR
o . E .F_.._w._rf ?E l._i ._r.r..r.r,.r.._.,_..,._....._.......f..._. n_."_. ffﬁﬂ.ﬂ. ......Iﬂ .."..._.. f.ﬂf#fff#ﬂ#ﬂ#fﬂﬁﬂﬁﬁ
m”l,rf. NN s_ﬂﬂftt §¢;ﬁf§ﬁ #ﬁﬂﬂﬂﬂ#ﬂﬂ!ﬂ#ﬂ.m Wfff?ﬂ!ﬂﬂiﬂfﬁffﬂ M M
ﬂ = __J... BOSaR0Ba0R oy f arerTvveety by ol AR,
......,_._._.. QUSCO0N00 ,.M, R w ﬂ /f.ﬁﬁﬁ#ﬁ ”..:,h ,_......,.n..___'.ar e T~
..._ﬂn_... fﬂ%ﬂf n_ff__, ..._.fd _....._...f.f m.w. ?ﬁ#ﬂ#ﬂ#ﬂ#ﬂﬁﬁ ._.lf".. ..__l._ﬁ....r.- ............... ermafl
o mm Fﬁﬂﬁf!ﬂﬂ#ﬂﬂ#ﬂfﬂrﬁllfr :ﬂﬂl fﬁ W W s - % J_..___"...‘_r__:_r.._.. ﬁ}%
~ ﬂ f#ﬁfff#ﬂ#ﬂﬁﬂ .__ﬂ W __:_. i_..._r_..“.._ W - Ifﬂ:/i Efm ”.....ﬂ._. 0000000 .
G # AR I_. e .__.___‘ 3 ) o e B fff#ﬂ#ﬁrﬂ#ﬂ#}ﬂﬁféf#ﬂffffffff#ﬁ#ﬂfffﬂf
P e ..._./ EERERRONLL = oy N ﬂ _.__.r o
# RN, f#ﬂ#ﬁ#ﬁ#f#ﬁfﬂ#ﬂ#ﬂff W ................. _ﬂ ?fﬂfffffﬂﬂﬂfé e et e
ﬁ.__ J...rﬂi..rﬂﬂ#.r.r.rf%ﬁ#ﬂf#ﬂﬂﬂ#ﬂﬂfﬂfﬂﬂg __.J... fﬁ&rf#ﬁ#ﬂiﬁ#ﬂ#ﬂ!ﬁ#ﬁfff flﬁ#ﬂ#ﬁfﬁff#ff#ﬂ ﬁ ?fﬂffﬂfffffﬂﬁfr/fff#ﬁfiﬂ#ﬂ!ﬂ#ﬂff#ﬂffff
- W ﬂ_.......__r A TR A M A A AN M f####ﬂ#ffffffffff#ﬂﬂ#&f/ffﬁ%ﬂfi W mf.ﬂ__r#,..r##f;r#fffﬂﬂr/ﬂl/j.r#ffffﬂfffffffﬂﬂﬂﬂﬂffff
s - L sl JOOOOQOOE = IO s oy, wonll SAAANAAARAARRRANRAS
D A ._v_._ ?ﬂ#ﬂﬂ#ﬂ#ﬁ#ﬁfﬁ#ﬁf#fﬁaﬂ ﬂ rfﬂffﬁffffﬂfﬂﬂﬂﬁﬁﬁffff Jf#ﬂ#ﬁfff#ﬁ!ﬂﬂ N .?f###ﬁ__.###f#éﬂ#ﬂ#Hfiﬁfﬁf#ﬁiﬂﬁﬂﬂff#,...,
& D W ORI AN | .ﬁ. ﬂ_._..n rfﬂ.ﬂfﬁ#ﬁffﬂ#ﬁff#ﬂ#ﬂifér fﬂiﬂffiﬁffﬁﬁﬂ W rfﬂgﬁf Jr_.__...r.r..__..,.__._ ...r_ __a_.____.....______..r_____J.____#____#_Eﬂﬂrfﬁﬂﬁfﬂﬂ
- W f#ﬁ#ﬁ%}f#f#ﬁ#ﬁ#ﬂrﬂ#ﬂ?ﬁ#ﬁI!,_.f ﬂ W.. rﬁfffﬁ#ﬂﬂ#ﬂf#ﬂﬂfﬁfﬂfﬂﬂr ff#ﬁ!ﬂ#ﬂﬂ#ﬂﬂﬂ W rﬂf#ﬁ#ﬂfﬁfﬂ#ﬂﬁ f#ﬂﬂ#ﬂ#ﬂ#ﬂ#fﬂ#ﬁ#ﬂ#ﬂﬂdﬁ
M # ffffﬁfﬂfﬂ#ﬂ#ﬂ%ﬁfffﬂ#Jrfﬂffjrfffir JI...-”I__” M Ff.ﬁﬂff#&#fﬁﬂfflﬂffffﬁﬁﬁf/ #ffffffffffﬁf# W Ffffff#ﬂ.ﬂffffﬁr/d fff#ﬁffffffffffffffffffﬁ
RIS M EREEEESKEETET) S 0 | 3 N EERSRRTRTRYSRTTRTY Siu 05 mil RRR000 wull ETTITIVITTTTTTTRD
o MJJI ffﬂ.ﬂ.ﬂfﬂffffff.ﬁrﬁﬁf gﬂf.ﬂﬁffffffffﬂﬂ .f ﬂﬂ Ff#ﬂfffff#ﬁfffffffff%ﬁ ........ # % ”fgffffffﬁﬂfjrﬂ,fjrﬂ?ﬁffffﬁl
o SN, PRI ; DT
— ﬂ e P Hﬂfffffffffffﬂﬂfﬁ # W e e oo, ™ e W.. e %ﬂf#ﬂf#ﬂ#ﬂ#ﬂ#ﬂ#ﬂ#ﬁ#ﬁﬂj
__ EEXFFEEELAEERERTNN
ﬁ e i e St J._r ...__” ...I” — Ffﬂfffﬁﬁffﬁiﬁﬂfj e S # o by ot
~e | // = X e
O ) . X IR SXEXIEEXEEXE ket 3 N SaEs 3 I 2ot Bl EEREEEERT RS
O fj.____......_ ﬂ AR AR AN Il.fﬂ .... :I._.. ?ffffﬂf#ﬁﬁﬁrﬁﬁﬁf/f AR _.....” R A O A A AR
= /:II_... ﬁﬂh.w y ?fﬁf#ﬁf#ﬂ#ﬁrf#ﬁ#ﬁf# ﬁ m ? ﬁ AN ARSI
¥ Irﬁ ﬁ/."_ﬂ ?ﬂ#ﬂfff#ﬁffff#ﬂ#ﬂéﬂﬂﬁ:ﬂm ﬂ _._.ﬁ. Sonet W RN
...J:...” .....I..,J ?f#ﬁ#ﬂ#ﬂf#ﬁfffffffﬁ ..__k ﬁﬂﬂf A ST S A N T f.ﬁﬂuﬂr . g’)ﬁ/ .....
R Pz R 1S I TR R f’§| ........ frf,ﬁf#ﬂf
) E i \
= p R R ...?..._,.,.., E
) ﬁﬁfuf > N KR ....,.?JH? A S
”:.. RN ATNNN ”.._: _.,.. o~ ﬁ # —
sopoosose s S IR IS e RS N . o
B M AUV .__.:__/."f ACCAOTRRARARRRANA M ﬁ W._. %ﬁgﬂfﬂﬂﬂfﬂffffffffﬂ .m._ . W - F_.i”r,_.ﬂf -
= W ﬂ#ﬂiﬁ#ﬂff#ﬂr&.ﬁffJﬁ#ﬁ#ﬂ#ﬂf#ﬁfﬂ#ﬂﬂ! ﬁ w ﬂ ﬁ, v Jﬂﬂfjﬂfﬁ.ﬁrﬁ ?ﬁrfrjafh W Jﬂﬁr - w ._..-
Q | SETESTIIT TR TR NS R ﬁw Y NeEar st
. n_..._... i, B by b, e e ek Y n._.._ !.. :_fr; o SBUIRE N N __,_. o yir Eﬁfﬁ /Jﬂ%ﬁ
- t__l__. o) EEEXEEXKE g 33 ”ﬂ ARARRRRIRRRAARNN I_. e ___.._.d AN : e
o~ W Fﬂ#ﬂ#ﬂ#ﬂ#ﬁ#ﬁﬂrﬁf DA AR A AN, M M . . ._:.._..m._. ﬁf?fﬂgﬁ Wiﬂ#ﬁ#ffﬁﬁﬂﬁ# W W
. s .f#####ﬂi!ﬂ.ﬁfgﬁ nﬂ ﬁfﬂﬂﬁ o (fr o ﬂ f......r..r..r.rff..&r NN ISR ﬂ
ﬂ C M !ﬂ%ﬂ# W _._# m ._.__lﬂ_n ?###fffffﬁrf#ﬁ?####ﬂf.ﬂrf#ﬂrfgf# M ﬁ f#ﬂ!ﬂfff.ﬂf# f#ﬁ#ﬂ####ﬂ#!,grdw
.y #f#ﬂ#ﬂ#f#ﬂﬂﬁﬁf = a Jr SRR n :fjrf e I.._.........Jnu
O LL g TETT . ..Jﬂ..& ~ #fffffﬁfffffﬁf#ﬂ#ﬁﬂﬁﬁﬂ J b AN, AR e T,y
. M !ﬁ%ﬂ W:....... G ._u.f..___..._. ................... ﬂ Egﬂﬁ I_. ...J.r.rﬂﬁff.:.#iﬂrf.. .ﬂuﬂﬂ!ﬂ!ﬂ.ﬂff#.fﬁiﬂﬂj
.. W L= . ._"_J...___..r ...,_..._... yﬁiﬂ!ﬂffffffﬂﬁi W ...__F..__. ARNAATRN? gﬂ#ﬂ#f#ﬂ#ffffa
RSNy M Y eoteesssh sy N A e sy
- T fff%ﬁﬁf/# ﬁ ﬂﬂffffffffiﬁiﬂfﬁ#ﬂﬁ%ﬂgﬂﬂ ﬂ:._.n ”.Hr ﬂfr&rfﬂﬂﬂfﬂﬂﬁ .... ﬁr#ﬂ#ﬂﬂ#ﬂ#ﬂ#ﬁi ﬂu
T %ﬁ? AN Jﬁﬁr}ﬂﬂﬂ__ﬂﬁ” W .... AR ._n’.” ?ﬁ#/ W _..ﬂ.. ﬂaﬁﬁif#ﬂ#ﬂd J.._r ##iﬂf#ﬁ#ffﬂ.r ._n___J.
.._f_u ”ﬁ” Irﬂ#ﬂ#ﬂffﬁiﬁrﬂﬂ#ﬂﬁﬂﬂ p._..fd .......... w ﬁ m .Wm: #ﬂffff#ﬁ:ﬂ#ffﬂ:ﬁm rfffﬂff##ﬂ#ﬂff““
ot B i | R PR : B A
ﬂ ﬁfﬂr .H##ﬂﬁiﬂ%WH#ﬂ#ﬁ#ﬁ#fﬁrﬁ.fM ?frgﬂﬂn.m ._...._1.__.._. V.._ﬁ W Ff
ﬂ &rﬂ#ﬂ#ﬁfffff@ﬂﬂd@f# ] W Wr...ﬁ
ﬂu ......... 3 s
3 3 _
% iiiiiiiiiiiiiiiiiiii

U.S. Patent

.f

.._,ur,.._..

A A AN AT

RRRERRRER
A A A A S S et T EIE
..f_._._. - ﬁ rﬁ#ﬁ#ﬂﬂﬂﬂ#ﬂ#ﬂ% f###ﬂ#ﬂ#ﬂﬂﬁrlﬁu

l ..ﬁrf.f#_ly
xﬂﬂ_ﬂr ﬁ Fﬂﬂﬂﬁfﬂfffffgfffffffffffj .___._

#f,ﬁ'

e
2N ) .. SRR R n.._.. n_....

FlG.11



US 9,165,923 B2

Sheet 12 of 26

Oct. 20, 2015

U.S. Patent

'S -

i >

., O N

\ 7 77 ZINES Tk J_, - Z _.,,..,_._..,ﬁ
!Eg!lmg\‘l_.m‘ = e NS e 7 Lt._..,_,.%ak..‘
R P RMRTRTRNN R NRARRAN \? =3V LA . ‘!‘.H!\
l .li.luﬁl.hs. o H A BS NMALLLL
St TrEEtStSSs AV %

s.\ g“\ Al ) _._...._. e R
a\_ _ 777 R -ns!..ﬁa‘gg

d £ =t e e o o ¥ ﬁfaﬁf.‘_ﬂﬂﬂf ﬁﬂ#ﬂff#f? AT
ﬁ‘.w‘.\ & . 77 7771 !ﬂf,l_‘_
u‘ﬂhf : AR R _—
‘h‘rusi% -1“‘*‘&&0,__1- Tn“.ﬂﬂa“!‘.i—
N \ Eg.ﬂuﬁ,m...mﬁfﬂ: inmﬁﬁw;ﬂulili;!

g‘i.ﬁu%nfm!/t VAVAD v\ a5 VAV AP AV A 4 ‘
;lnlml,é,_i- T.,Q\Im_!i.:..‘.l;-\

‘—"

...f..:;raaaaa::;;a ..__r..r._.., i ...__._.......ﬁ ™z
ToTzd e _.....,....ni ,,,,,,
p e g | Gy a9 a7 = ) m..,m”,,,,, ;.,ﬂﬁw‘ _______ .H....._”.__,....,,_”..__..,....,__.,_U,,,..
G i VA ‘I.,lnu,lwi \ﬁl I!ﬁl_._
ol I N 7 2 L2 T N W NS Ayl v _
........ 777 g& ‘iwg!‘iﬁx. avA|
i.\%\!l\.&. N s . ,_
f[l..‘g \‘.“w‘ u'i d.‘.ﬁff Sy e

in.l.....li..iii!i

i ] N .‘E‘,
gﬁﬁﬁg RN R AR

ﬁ ‘rﬂ.ﬂﬂr‘ﬁ@uﬂﬂr ..._.‘__..r_..u._......__.._._r. ..r..._.,........._..r..r __r...ﬂ; f .ﬂ.ﬁflf‘
_________________________________ xS VAV AV VALY .l,/.

AV AV ALY ! ___________________
.!.‘..‘ L_ ‘1 ;““%‘ﬁ g Ii...?# b yd

.._!_. ﬁnﬁ.ﬁﬁa!‘:‘

Jrf.f..f..f..ﬂ#r#d!

a.‘
l_za‘.“

lu!!\hi h,,,,,, B3t ey N ._,__“,,.,

@ \E==mves oo

ﬂff#ﬂ#ﬁﬁfﬁffff#ﬂffg
. ‘L by

U Ry QA 4 f. .._,

ﬂ,.. ;!!Imllr Sy | (€ _i./ N | v, .!ﬂ\g
ui ‘.!I.‘.‘v A A, \mwmﬁ N I i =X _.Iml‘!ln!_.
5\‘!&\5&5 b i iy le \r i povs o\ & .

\1 .ﬁ/ﬁ \ N sty w.‘gu..‘”l
In!. L ZZ 2l V7o T. WS \ . .!ﬂ%mg‘“
,%.,x iy e TR aﬂﬁﬁfvgﬁé ?%5#& _ hf-‘ .,,,..f,m._,.-,m,ﬁ oo “ﬁ; ,., \

h.ﬂ\‘!ﬁ#ﬁ?\ .,#, L, 1] r 7 s el
= (2222 ._ I
g\.ﬁmﬂlﬁm A4 R\ W
}jt .M__nlq “J,,‘l“ FrFTAT Fl ‘ | A,
m i,l,,éf.l._lm.‘“ L L LLL ;\.BE N N g7l 77 Tn ‘
i“ AV AV A A A4 \ﬁ%gaﬁ#ﬁwﬁw mm,._,,-f E..ﬁ?%.w‘ﬁg
NS TTT4 e ,fﬁ._ T ke g !ﬂ}l‘
E m !!!Is‘giwl /. .,,.,ﬂﬁa,_.. /

T

M2PSW

TH

FIG.12



US 9,165,923 B2

Sheet 13 of 26

Oct. 20, 2015

U.S. Patent

=
Y S
g :
a ig=—3'P %., M‘Tlfi Hggiﬁ
R s S B v\ f g e\ G N LT T
al l@hﬂﬂlﬁi‘ Lot ‘lm/l_ WAL £ 2 a-..!h.,‘
O AT e SR RN A DRI _....:.... _" ‘rﬁ#ﬂ!ﬂfff ..._._ ‘. N =‘ = ‘
g‘\i‘n“ m w v 7 1 B \ ‘,.F,_# AN SR e TN R ‘
LA 77772 ‘: <IN (DR L 222
.‘H“.‘! V| Rermend g
.ﬁ..ai:t::::siaaisiifiiin;:iiiiiii Ay

r’.ﬂ! lllllllll

“‘!HII
ﬂl-i“‘.
VAVAVAY. cn I
el S N‘§~

ﬂﬂﬁr._r##fi e

..r._r__r

._F._Eﬁf.f.._r.._f..r

A s T IZZZ
77 777 Pt LT Nl l £ 2 2 &
-_. 1“\‘;‘!\ il @ Jeas’ ‘.aggi Al |
‘!‘!‘! 1 NN = X A ‘Eu Xt & AV AV AV AP A

X2l Nl Ll Ll L L b L |
ga..imuﬂﬁ..ml‘lx 7 2 Al L \

.r#fdr#..nr#ﬁrf#ﬁrfﬁ.ﬁﬂf/

\ N et

S A P — gf -a!!l, ‘\\il..- _..,g.agi .hwl,.\n..-\
R\ L. = ii.!i.m:, A A A A Y\ AL A\~ ) A A A
VNS 22 dl N X222 2 & .J VY -2 1L
g e el gt ‘.l‘.l‘\:mj L AV AT AV AV Vs
1 4 s .\, ‘I. \IS! gi !5_ .

b n‘giighw
W‘. <l A A
¥ 772227
‘#‘L

TS

i _ .:n.féf..ﬂ.ﬂ.ﬂf#ﬂrf d...._r_m....mr_.._r o

_ VA,V
a_ﬂr %ﬂﬂf.‘hﬁf &f#ﬂffﬂ.{&-

‘mrﬂfagflﬂffifﬂﬁﬂffﬂﬁﬂf RS EAALSA C R

¥ C“lnﬁ!!ﬂ,“g
g/,ﬁ TR RN

VAV AAV WD -,xi‘..lml‘lm‘.
== mmm.ra,.‘ﬂﬁ.\
Lkl W\KAT 77 7 7 7 avs I /) E_.,_..... e
g wﬂww 4 ia““‘iili B \ v\ Ry
S i‘!\lﬂ_‘ \ GSeletontor r!!\ .I./h._ I T ‘
ﬂﬂfﬁfffﬂﬂfﬂfffﬂﬁr}ﬁ? .‘ // i ﬁ g ,rl ....
........... L!!..n!_-. Ad T 7 7. !m__,! .!!!!I,
!li.ii‘in!l.. ety [ AN fledolepen o /]
1 VAVAD =

“‘.‘g F. Vﬁ“

e W R
kL )

7 2ol il \...!!‘
.....,.._,._r.ﬁr._._r Jﬂﬁ.ﬂrf#ﬁ#ﬁﬂffﬂfiﬂfﬁiﬂﬁr .......J__.J..._._f
. @! AT,

.._#,..._...r .. 4 .. H.H“... A S ”
< M f#ﬁﬁﬁiﬂfﬁﬁ#ﬂ!ﬂ#ﬁﬁ#fﬁ - X ”..E...+ . ‘
#ﬁffﬁ?ﬂ#gﬂﬁﬁgggﬁjﬂﬂr _..._‘ W H‘WH. ;;;;;;;;;;;;;; : 2 } _ _ .‘
T T2 7T T T T T 2 L L L L L7
i_ﬁ- E-n.\‘.a‘ |
“ A e e h
sg.“.h‘.‘

\peodoms s\
N ZZg 7777772 i

.‘

llllllllllllllllllllll

P77 L LA
y e AT s i A A

I||||-|-. mr

IN‘. ‘\m!li..

..........lﬁ,?fﬂ \ A

= IR —_—
2SN

5
\,,,,.% vosmey

T éﬁ#ﬁﬁ? AR

VAT EH@-
..ﬁr.._f..f. J_f.._ﬂr..l?g_.ﬂf ﬁ?ﬁfﬂfffffgfﬂfﬁﬁ

T™H M2PSW

TH

M2PSW

— {

> €

FlG.13



US 9,165,923 B2

Sheet 14 of 26

Oct. 20, 2015

U.S. Patent

CPW.DFp

‘u&

CNW,DFn

Gn

-
I >
3 O

——E PR JllL—"  riilrbliier -

N Bz 77Zd [ ;!\..lnl NS v _,...m‘ﬁ Y777 ‘
a ..................... T m!.,_l.‘ - !i!li.n.s.!. !.

e e Ty

lg.l s AV A
rr....#._._.r.._.r...__...ir .___ RN A N %ﬁf#ﬁ?ﬁ

4

‘ yA \%_ _\ (L L X VA4 N e T SR

\w \;“._ . _H . A4 S VAP A i S A,
% ‘.“ !«&.“i ................... I A ,.?ﬁa‘

7Tk i‘j!, 3 iin,_ U— n‘.l...!.!l-\

TEK%#.I.!?.
4 ﬁ Wi\ A

e Y T

=§ - .....,,,._w .

7 7 77 7 Beocndl &l ‘
1 VA il 1 .,,,/,, \ A, _.._-
‘ Gl el LW IS Lo ‘ ﬁ AN A A Al

TN N &Lkl d bl

I A A A A %
\ hﬁ! N e i VAV A A AV ‘

‘l‘i,ﬂuﬁwf‘!‘
_Iw !I_..!.I- Tﬁﬂ‘!“ Z L L AL

u
- IO L A u WL i r m bk e e e, T i e ._..F.._r.i_, !!!!! e o o
- @ § ; / s VA I_.,,ﬂ.,,,! e l‘!\‘
fpmgairapr eyt ¥ ;.r: ri.#?!l!ii.i.l.ll.i.i. Yy o e it # ‘« _f
Y, l i, I re—— i - M- R . o e e e e o — IR
- \ m!“

, it y) o= N N .
- Y el \ l.i!!i‘#!-l LN E T L\
;7 L I‘.\.ﬁmfﬂ” e e ‘.ﬁ,,rll_w 7
‘g‘ia h._a‘l-./m’. A T fffﬁ#ﬂ#ﬂﬂhﬂﬂ.ﬁﬂﬂﬂfﬁ s ﬂ L L ._‘..g!
\‘l_.f[ﬂ S L S L o “i!m'#“gm ‘..aré_, f&r}/ﬁfﬁ.ﬁgfﬁaﬂrffﬁrfffdﬁ
A A AT A AV A |V NSRS N e \-W. . e .‘n\.\‘.“,
N R RN

ﬂfsr..__.r;ﬂw.ﬂ.mﬁ

WA e e e

‘s HHHHHH “ ,1tli§%“§‘
g!:%’l.ﬁlﬂrl.‘ag W h.m.mg“‘ _ =f....r-n.m‘ R ,..E._-f
ﬂnﬁ!ﬁi S !..I,., !I..Iw ﬂﬁnﬂa&u_
................... T AAV Y, i!!!‘
,,,,,,,,,,,,,,,,,,,,,,, ST w.... ;ﬁhﬁ T T 7
T LAVAVA /ﬂ#ﬁh‘.
\i. : ol g B S e % o g g |

oy T —— ) , . T T - '
ﬁ?fﬁéﬁfﬁﬁ,ﬁg&rﬁf TS k 7 A 3 Mg 55220 vin 5 [ AARARARA Ly \ ‘
-ﬁ  GVAVAR YA AT : | .
ffﬂffﬁ.ﬁﬂg‘% .l! .ﬁf....rﬁf. u !ii.,.. gytadin T e \

XN d N N
E.!if:iii.:iiiiliii#:tztl.i.
222222 .‘

“.““‘!

,..rdr..._. . .‘
) m.“- 1‘a‘3‘m\ ;; F T ‘fm,.miﬁ \ s e A
_— _...J.ﬁf.r..r .“!‘1 .“a ;‘.‘.
Wiy S| WAV A YA Lo .i‘m,\ ﬂﬂﬂfﬁ*\“&.
NG, VSN LTSS 222 2
14 i.“‘gh Jﬂriﬂﬁrjﬂ.rfj..rgﬂﬂﬁr&.ﬂr #f#ﬂ#ffigr NN ‘ !._........,.._.,.....r.._.,.._._ ﬂm ! ﬂ
N77777772 [} 8 e fﬁéi (22277,

TH M2PSW

TH

F1G.14



US 9,165,923 B2

Sheet 15 of 26

Oct. 20, 2015

U.S. Patent

eeew--FCa
» CNW

— .._h_..
’ -.r
.-_- L]
& *
.-.l -_-.
] Tt
N : :
r & ", a -
1 L] - . L]
r L] - ]
r b e ¥ L]
r r - ¥ [ ]
a L] * ¥ '
] ] .r..r L 4+
+ & " +* -
¥ b L. ._ .
" & L # [
ol * e " ‘
Py * - “ 1
] ) . 1
. (] . ¥ i
A d l.-_ 1 1
\ d . a : .
I B - &
TR T T TR TTETET T ST I — T TRRT TPITTapur TN R R T AT Ry ifill.“ll'l‘tiltriiilllitlllt YT T S ALY S A TTTE S s s  Geies e S T g wmijeae R e Eili!iill!i+|ll AELES EEES  TTTE EEEm el . -
[ ., " _-_..-.l
]
1 i
4

r
o
r
L
r

!l_.i.
l_i.r.
E ]
L |

r
g
r
*

R (N N " NN R A vg...l§
s e s ] Nt

GV1
M1Sx

FIG.15

T K-S



US 9,165,923 B2

GV

Sheet 16 of 26

M1Vx

Oct. 20, 2015

U.S. Patent

S I T
R . _ _ _ 1R
T RS

F1G.16



US 9,165,923 B2

g
W \ =
- w pr -
IR 2
% vi.‘?& — e R I...,... ..f....,..., iiiiiiiiiiiiiii M lllllllllllllllllllllllllllll et wa
E Nl s e}
= R P L LT LA LRSS AL
X NN N
O .
CoER ._., >
y— =
=
gl
=
g
g X
- |
S

U.S. Patent

FlG.17



US 9,165,923 B2

Sheet 18 of 26

Oct. 20, 2015

U.S. Patent

GP2 GP3 GP4

GV GP1

M1Vx

- -

W L w — —
w N W | Q T m ..nm ‘
- L i%.--._..-..w......iL iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii Lo ./.,.
_.m,,.. & g

EE

N Ar////////;/&r// /////
Zﬂ.““ khwbv
R &

X

R
&
:f—

wﬁ\m\

fi

P
S S

RULERRNNNNS

s 27

— //////// //A///////////;//// //////

OONNNNNRX

s Y

//A./,ﬂr/ /////Jﬂr

m.lwn\\\\\\\\ \\\\%&MS\\\\\\\\\_‘ >

///// /

//////////////////H

o T

|\ 22227 7N 777777

N {M@\\M

//?///////////V/f/////////////é I.?ww__

=l

—_— T R s \\3. X

ﬂu ﬁ B A I,

AN

—

-

LR 18

N

L
l__._l.._l
.
.lr

Gn2z Gnl

N

R
N
ﬁﬂ,_

> R

2 ?Av.n_

= ?v
R

R

_Mﬂa

R

FIG. 18



US 9,165,923 B2

Sheet 19 of 26

Oct. 20, 2015

U.S. Patent

GV1

M1Vx

{

£

X

N

2K/

22X 7

2
%,

&,

<

N

5

3

(/S
:f,.}..

>

(A

%

/s

S
&

4

0P 00

>

(/
%

2,

£/

2% 2

5

L/
£/

D 7~

B/

/)

 /
.

= CNW

Eiiiiliilifilii!;itil

llllllll

lllllll

iiiiiiii

+++++

lllll

~ T Bk whyeer vemmm AR iyl

A

b I W pheriek vt A ey e g e

1
]
1
1
*

" ek ke et SR gy BN Wb TRTEER LA e

AN

¥
]
¥

"
X
[}
1
'

*

THG-

%
* oy
ko
* [ ]
+ [ ]
¥ a
* ]
* )
g "
L 4
’ )
[ 4
]
l.l
. .
g
E [ ]
[

GVb

M1SPW

Iii!iliili-i!*li}li{!!iI!i.—liiltli.l_-.l_.__ill S B kg vewn )

R

X
= O
.

\D

.
R

M1Sx

F1G.1Y

X
¥
N

X

GV2

SR I—



US 9,165,923 B2

Sheet 20 of 26
G}/I

M1Vx

Oct. 20, 2015

U.S. Patent

.a.h

z,/////////////////////////// aw

. — . At — — m—— " —— A o —— 0] i — —— .t

M1Sx

F1G.20

G\‘/z .



U.S. Patent

>

Oct. 20, 2015

G\{1a

THI-..}..~

> X

G\;Za

Sheet 21 of 26

’
’

U

PAS3

W mmma  vvler e ppwrw B S ARG SERTW. ALY R e e ke e gl IR kb PRI PRl e ey EmA bl T e

e il gy Mkl M. by TEEEEE b TEEEES- by B epree SR gy EEELL et BN YT S TR Aey vrmame bk R bl TR gk

b
“““
]

B
n

QNN 0%

. EEREL e Wi dpley PR whpel B RS G TTrR G b R o™

GV2b

Fl1G.21

GV1b

ek THT0

~-~--DC

- TH12

US 9,165,923 B2



US 9,165,923 B2

Sheet 22 of 26

Oct. 20, 2015

U.S. Patent

GV(VSS)

M1V(VDD)

-
-
- .

AR AN N 3N

&,

b~ o
; 2 2
4 A N7 N7 N
W , “ | 1 % __
| __ ” % = ” *
W R rropreprm
m RS R ],
. _ o ; : g 'A.VArIﬁrf o OGP NN mn
% RAT e (2[R el
'
._
%

<

NS

XS

XTI

}.
?

SRR

Aﬂﬁ?

RIS

e

<
R

AR
N ]
A RS

NIIALSES N N WE

T T T TN A dlbob = = = =TT T T L2

O A AT S Y
R

-k

WA & I

D RRAR ANV S o i £ VA

- e F

ff TR A T .
: .n.__.-;....__._,,._.....*# »
av e P ey . -
et X T Wk
" N

R RN

d el 1 L] L] L]

-

ORI

(LY

Ay
XIS

e A

AT

N AAEATANR AN AN

L 3

AR

e [

NARARLANV NN e

” ,_ _ Ay 71 B
SN ﬁ e | .%&s@ L3
..Tp.f e i m ﬁ
- . *- . v ;
“ ()
W . /
W . | m ,
_ % ! | | |
. ; AN J
Y Y

F1G.22



U.S. Patent Oct. 20, 2015 Sheet 23 of 26 US 9,165,923 B2

Ths GVS T'}'S M1S
\sy ‘;

T
AR

3i A
i

LG

\

47
e
e
’ l N i g : g A
1S N \NRRANRRY /A SN \\ﬁ
l%f‘*;%;”m&séﬁgzg lg;ggégﬂﬁ gl o
~.. . _ | Z
,f:;-,-{,rf - LS \ ﬂ T4 ¥ - é
.

hdﬁ..q
% ;ﬁz"";‘ :‘
/ .-*_-
/ AN:

NN

S N )
AN\ .\ s AR ) S é} \ %é 1.
oW @@“@wmﬁ.m\
es| N w NS NN e

AN
NI

o DTz e
7 ROy
: i@!?ﬂgi

, e /
PRIANY TN
/lﬁ

NN

w4
4

67‘

»

N
. |\

l%
§| 55 -1 pCT
i [
|
l
|
THv.

N
‘ EE | %'MIV

\\

CPW

R
I
]

N
N

W g4
JFETELS TR T

I
%%i,{. a
N

i ! 1
|

TOEhRR

NN

DAY

N
N

W

=

S

-—— /M@:ﬂ *-h f
- IR

- K

\ ¥ i i i
; i i i
i

A\ g2 | g1 g2 | et 22| el 2| et g2 | gl g2
g g g g g g

Y
g

Y N
>X

- s




U.S. Patent Oct. 20, 2015 Sheet 24 of 26 US 9,165,923 B2

L IBRARY PROCESSING

UNIT

OUTPUT DEVICE 120

100
140 130
INPUT DEVICE 110

F1G.24



U.S. Patent Oct. 20, 2015 Sheet 25 of 26 US 9,165,923 B2

INPUT CIRCUIT DATA ST

SELECT STANDARD CELLS S2

ARRANGE STANDARD CELLS S3

INSERT FEED CELLS S4

FORM OTHER WIRINGS, THROUGH
HOLE CONDUCTORS, AND CONTACT SO
CONDUCTORS

OQUTPUT LAYOUT PATTERN DATA S6

F1GL.20



U.S. Patent Oct. 20, 2015 Sheet 26 of 26 US 9,165,923 B2
50
80
81
vDD é)} — POWER
SUPPLY VPP
VPERI
CIRC
VSS (© RCUIT | vARY . MEMORY CELL
o - 51
89 a RERI
52 ®) O O [/
0 N WL
g | ' MC
Q
63 60 x Bl
o1 =
ADDRESS —— V/ 4—5A VARY
ADD (0) INPUT
CIRCUIT | o4
COMMAND| | CIRCUIT
64 53
AMPLIFIER |
10 55

DATA
INPUT/OUTPUT
CIRCUIT

F1G.26



US 9,165,923 B2

1

SEMICONDUCTOR DEVICE HAVING
PLURAL STANDARD CELLS

BACKGROUND OF THE

INVENTION

1. Field of the Invention

The present invention relates to a semiconductor device,
and more particularly to a semiconductor device that includes
a circuit block composed of a plurality of standard cells.

2. Description of Related Art

A semiconductor device 1s typically designed by combin-
ing a plurality of needed standard cells to lay out circuit
blocks having desired functions on a semiconductor substrate
(see Japanese Patent Application Laid-open Nos. 2010-
73728, 2000-77609, 2010-129895, and 2008-193070).
“Standard cells” refer to pre-registered layouts of logic cir-
cuits having basic functions, such as an inverter circuit and a
NAND gate circuit. Wirings for establishing internal connec-
tions of the standard cells are mainly formed on a first wiring,
layer that lies above a gate wiring layer. Wiring for connecting
the standard cells, wiring for supplying input signals and
power supply potentials from outside the circuit blocks, and
wiring for supplying output signals to outside the circuit
blocks are mainly formed on a second wiring layer that lies
above the first wiring layer.

The wirings formed on the second wiring layer are typi-
cally laid out 1n one direction 1n parallel. The width of the
wirings formed on the second wiring layer needs to be
designed in consideration of characteristics (such as resis-
tance) required for the wiring. In many cases, power supply
wiring needs to be designed to have a greater wiring width
than that of signal wiring. As the fine processing technology
advances, standard cells having the same functions and the
same characteristics may be made smaller than heretofore.
Even 1n such cases, power supply wiring can be difficult to
mimaturize 1 proportion to standard cells 1n order to satisiy
characteristic requirements. A reduction 1n the size of stan-
dard cells has thus tended to increase the wiring density
mainly of the second wiring layer.

The increased wiring density of the second wiring layer
due to the miniaturization of standard cells matters little as
long as the entire wiring can be properly laid out. However,
the wiring may not always be able to be fully laid out. In such
cases, wirlng areas need to be secured by taking such mea-
sures as arranging iree spaces and compensation capacitors
between some standard cells. This increases the chip size.

Such a problem becomes pronounced as the types of power
supply potentials needed for the circuit blocks increase. The
reason 1s that, as mentioned above, the wiring width of power
supply wiring 1s difficult to reduce. At least two types of
power supply potentials are needed, including a high-level
power supply potential (VDD) and a low-level power supply
potential (VSS). Other examples include the well potential
(VPW) of p-wells where n-channel metal oxide semiconduc-
tor (MOS) transistors are formed and the well potential
(VNW) of n-wells where p-channel MOS {transistors are
formed. Under the circumstances, a technology for reducing
the wiring density of a wiring layer lying above the gate
wiring layer of a semiconductor device using standard cells
has been desired.

SUMMARY

In one embodiment, there 1s provided a semiconductor
device that includes: a plurality of first standard cells arranged
on a semiconductor substrate 1n a first direction, each of the

first standard cells including at least one field-effect transis-

10

15

20

25

30

35

40

45

50

55

60

65

2

tor; and a first power supply wiring extending in the first
direction along one end of the first standard cells 1n a second
direction, the field-effect transistor including agate electrode
formed on a gate wiring layer, the first power supply wiring
being formed on the gate wiring layer.

In another embodiment, there 1s provided a semiconductor
device that includes: a first power supply wiring extending 1n
a {irst direction and formed on a first wiring layer; a second
power supply wiring extending in the first direction and
formed on the first wiring layer, the second power supply
wiring being provided independently of the first power supply
wiring; and a third power supply wiring extending 1n a second
direction different from the first direction and formed on a
gate wiring layer on which a gate wiring of a transistor 1s
formed, the third power supply wiring electrically connecting
the first power supply wiring to the second power supply
wiring.

In still another embodiment, there 1s provided a semicon-
ductor device that includes: a cell rack on which a plurality of
standard cells are arranged 1n a first direction; a first power
supply wiring formed on a first wiring layer, the first power
supply wiring being arranged along the cell rack 1n the first
direction; a second power supply wiring formed on a second
wiring layer, the second power supply wiring being arranged
along the cell rack 1n the first direction, the second power
supply wiring being provided independently of the first power
supply wiring; and a third power supply wiring extending in
a second direction different from the first direction to electr-
cally connect the first power supply wiring to the second
power supply wiring, the third power supply wiring being
formed on one of the first wiring layer, the second wiring
layer and a third wiring layer lyving below the first and second
wiring layers.

According to the present invention, the wiring density of a
wiring layer lying above the gate wiring layer of a semicon-
ductor device using standard cells can be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic plan view for explaining the cell
layout of a semiconductor device according to a preferred first
embodiment of the present invention;

FIG. 2 1s a schematic plan view for explaining the shapes of
well regions and the positions of well-feeding contact con-
ductors formed 1n the feed cells FC;

FIG. 3 1s a sectional view showing a part of a standard cell
SC and feed cells FC;

FIG. 4 1s a schematic plan view showing the layout of the
power supply wiring GV,

FIG. 5 1s a perspective plan view showing an example of
the layout pattern of a standard cell SC;

FIG. 6 1s an equivalent circuit diagram of the two-input
NOR gate circuit shown 1n FIG. 5;

FIG. 7 1s a plan view for explaining a method to connect
nodes between a plurality of standard cells SC;

FIG. 8 1s a perspective plan view showing an example of
the layout pattern of a feed cell FC;

FIG. 9 1s a perspective plan view showing a feed cell FC
connected to a power supply wiring M2SPW;

FIG. 10 1s enlarged views of the area A shown in FIG. 1 and
shows only wirings formed on the gate wiring layer G;

FIG. 11 i1s enlarged views of the area A shown 1n FIG. 1 and
shows diffusion regions 1n addition to FIG. 10;

FI1G. 12 1s a diagram showing the wiring formed on the first
wiring layer M1 and the power supply wiring M2SPW
tormed on the second wiring layer M2 1n addition to FIG. 11;
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FIG. 13 1s schematic plan view showing a first example 1n
which two power supply wirings M2SPW are connected to

feed cells FC;

FI1G. 14 1s schematic plan view showing a second example
in which two power supply wirings M2SPW are connected to

feed cells FC;

FIG. 15 1s a perspective plan view showing a layout pattern
of a feed cell FCa according to a modification;

FI1G. 16 1s a perspective plan view showing a layout pattern
of a bypass cell BC;

FI1G. 17 1s a perspective plan view showing a layout pattern
of a feed cell FCb according to a modification;

FI1G. 18 1s a perspective plan view showing a layout pattern
of a standard cell SCa according to a modification;

FIG. 19 1s a perspective plan view showing a layout pattern
of a feed cell FCc according to a first example in which the
power supply wiring GV 1s segmented;

FI1G. 20 1s a perspective plan view showing a layout pattern
of a feed cell FCc according to a second example 1n which the
power supply wiring GV 1s segmented;

FI1G. 21 1s a perspective plan view showing a layout pattern
of a dummy cell DC according to a third example in which the
power supply wiring GV 1s segmented;

FIG. 22 1s a perspective plan view showing the configura-
tion of essential parts of a semiconductor device according to
a preferred second embodiment of the present invention;

FIG. 23 15 a perspective plan view showing the configura-
tion of essential parts of a semiconductor device according to
a preferred third embodiment of the present invention;

FI1G. 24 1s a block diagram showing a design apparatus 100
for designing a semiconductor device according to the present
embodiment;

FI1G. 2515 a flowchart for explaining the method for design-
ing a semiconductor device according to the present embodi-
ment; and

FIG. 26 1s a block diagram showing the overall configura-
tion of a semiconductor device 30 according to a preferred
embodiment of the present invention.

DETAILED DESCRIPTION OF TH
EMBODIMENTS

L1l

Preferred embodiments of the present invention will be
explained below 1n detail with reference to the accompanying
drawings. The following detailed description refers to the
accompanying drawings that show, by way of illustration,
specific aspects and embodiments 1n which the present inven-
tion may be practiced. These embodiments are described in
suificient detail to enable those skilled in the art to practice the
present invention. Other embodiments may be utilized, and
structure, logical and electrical changes may be made without
departing from the scope of the present invention. The various
embodiments disclosed herein are not necessarily mutually
exclusive, as some disclosed embodiments can be combined
with one or more other disclosed embodiments to form new
embodiments.

Referring now to FIG. 1, the drawing shows a plurality of
blocks each representing a cell. The unhatched cells represent
standard cells SC. The hatched cells represent feed cells FC.
A cell 1s a umit circuit having a basic function. Layout pattern
data about a plurality of cells 1s registered 1n a design tool 1n
advance. A plurality of needed cells are combined to lay out
circuit blocks having desired functions on a semiconductor
substrate. This allows a significant reduction of the design
time as compared to when the circuit blocks are laid out from
scratch.
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A standard cell SC1s a logic circuit having a basic function.
Examples of logic circuits to be registered as standard cells
SC include an mverter circuit, a NAND gate circuit, a NOR
gate circuit, and tlip-tlop circuits. A feed cell FC 1s a cell for
teeding a well potential to a well region 1n a standard cell SC.
Specific configurations of standard cells SC and feed cells FC
will be described 1n detail later.

As shown in F1G. 1, a plurality of cell tracks CT are defined
on the semiconductor substrate. The cells SC and FC are each
laid out 1n any one of the cell tracks CT. The cell tracks CT
refer to band-like areas extending 1n an X direction, with a
constant width 1 a Y direction. The cell tracks CT may be
referred to as “cell racks.” FIG. 1 shows five cell tracks CT1
to CT5, whereas an actual semiconductor device includes
more cell tracks CT. If there are two or more circuit blocks
cach including a plurality of cell tracks CT, the cell tracks CT
in such circuit blocks need not extend 1n the same direction.
For example, a plurality of cell tracks CT 1n a circuit block
may extend in the X direction while a plurality of cell tracks
CT 1n another circuit block extend 1in the Y direction.

Since the cells SC and FC are each laid out 1n any one of the
cell tracks CT, the cells SC and FC have the same width in the
Y direction as that of the cell tracks CT 1n the Y direction. In
contrast, the cells SC and FC have various widths in the X
direction, depending on the scale of the circuit included 1n
cach cell.

As shown 1n FIG. 1, a plurality of feed cells FC are laid out
in each cell track CT. The plurality of feed cells FC are
preferably arranged, though not limited to, not to adjoin each
other within an 1dentical cell track CT. In other words, each
feed cell FC 1s preferably laid out to be interposed between
two standard cells SC that are laid out in an 1dentical cell track
C'T. The reason 1s to form mesh-like power supply wiring by
the distributed insertion of the feed cells FC as will be
described later.

Turming to FIG. 2, the cell layout 1n FIG. 2 1s the same as 1n
FIG. 1.

In FIG. 2, the unhatched areas represent n-well regions
NW. The hatched areas represent p-well regions PW. The
n-well regions NW are where P-channel MOS transistors are
formed. The p-well regions PW are where N-channel MOS
transistors are formed. Note that transistors to be formed in
the standard cells SC are not limited to MOS transistors.
Other types of field-effect transistors, such as a metal insula-
tor semiconductor (MIS) transistor, may be used.

As shown 1n FIG. 2, the n-well regions NW and the p-well
regions PW are formed to extend in the X direction and
alternately 1n the Y direction. Each cell track CT 1s defined to
include both an n-well region NW and a p-well region PW.
Cell tracks CT adjoining in the Y direction include an n-well
region NW and a p-well PW 1n a reverse positional relation-
ship. Specifically, the cell tracks CT1, CT3, and CTS include
an n-well region NW upward 1n FIG. 2 and a p-well region
PW downward imn FIG. 2. The cell tracks CT2 and CT4
include an n-well region NW downward in FIG. 2 and a
p-well region PW upward in FIG. 2. Consequently, cell tracks
CT adjoining 1n the Y direction can share an n-well region
NW or a p-well region PW. For example, the cell tracks CT1
and CT2 share a p-well region PW. The cell tracks C12 and
C'13 share an n-well region NW. Due to such sharing, each
well region can be designed to have a large area. This can
reduce well boundaries and allows elfficient use of the surface
of the semiconductor substrate. Note that the sharing of the
well regions between adjoining cell tracks CT 1s not indis-
pensable to the present invention.

As shown in FIG. 2, each feed cell FC includes well-
teeding contact conductors CN'W and CPW. The contact con-
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ductor CNW 1s a contact conductor for supplying a well
potential to the n-well region NW. The contact conductor
CPW 1s a contact conductor for supplying a well potential to
the p-well region PW. In the semiconductor device according,
to the present embodiment, the standard cells SC include no
well-feeding contact conductor CNW or CPW, though not
limited thereto. In the present embodiment, the well poten-
tials inside the standard cells SC are all supplied through the
teed cells FC. Such a configuration allows a reduction 1n the
s1ze of the standard cells SC as compared to when the stan-
dard cells SC include well-feeding contact conductors CNW
and CPW,

As shown in FIG. 3, four wiring layers G and M1 to M3 are
allocated on the semiconductor substrate 10. The lowermost
layer 1s a gate wiring layer G. Gate electrodes Gn and Gp and
a power supply wiring GV are formed on the gate wiring layer
G. The gate electrode Gn refers to the gate electrode of an
N-channel MOS transistor NMOS formed in the p-well
region PW. The gate electrode Gp refers to the gate electrode
of a P-channel MOS transistor PMOS formed 1n the n-well
region NW. The power supply wiring GV will be described
later.

The N-channel MOS transistor NMOS includes n-type
source/drain regions SDn which are formed in the p-well
region PW. The gate electrode Gn 1s arranged on a channel
region lying between the pair of source/drain regions SDn.
Similarly, the P-channel MOS transistor PMOS i1ncludes
p-type source/drain regions SDp which are formed 1n the
n-well region NW. The gate electrode Gp 1s arranged on a
channel region lying between the pair of source/drain regions

SDp. Such transistors NMOS and PMOS are formed 1nside
the standard cell SC.

A feeding diffusion region DFp i1s formed in the p-well
region PW. The diffusion region DFp 1s a region for feeding a
well potential to the p-well region PW. The diffusion region
DFpisofp™ type, having a higher impurity concentration than
that of the p-well region PW. Similarly, a feeding diffusion
region DFn 1s formed 1n the n-well region NW. The diffusion
region DFn 1s a region for supplying a well potential to the
n-well region NW. The diffusion region DFn 1s of n™ type,
having a higher impurity concentration than that of the n-well
region NW. The diffusion regions DFp and DFn are formed in
the feed cells FC.

A first wiring layer M1, a second wiring layer M2, and a
third wiring layer M3 are allocated 1n that order above the gate
wiring layer G. As shown in FIG. 3, the first wiring layer M1
1s formed on the surface of an interlayer msulation film 21
which covers the gate wiring layer G. The second wiring layer
M2 1s formed on the surface of an interlayer insulation film 22
which covers the first wiring layer M1. The third wiring layer
M3 1s formed on the surface of an interlayer insulation film 23
which covers the second wiring layer M2. As an example,
FIG. 3 shows wirings 31 and 34 formed on the first wiring
layer M1, a wiring 32 formed on the second wiring layer M2,
and a wiring 33 formed on the third wiring layver M3. In the
present invention, the number of wiring layers above the gate
wiring layer G need not necessarily be three. Two layers or
less, or four or more layers may be arranged.

Two wirings formed on different wiring layers can be con-
nected to each other via a through hole conductor TH that 1s
formed to run through the interlayer insulation film(s) lying
therebetween. In the example shown 1n FIG. 3, the wiring 31
and the wiring 32 are connected to each other by the through
hole conductor TH formed to run through the interlayer insu-
lation film 22. The diffusion regions formed on the semicon-
ductor substrate 10 are connected to the upper wiring layers
through contact conductors that are formed to run through the
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interlayer isulation film 21. In the example shown 1n FIG. 3,
the wiring 31 and the diffusion region DFp are connected to
cach other by a contact conductor CPW formed to run through
the interlayer msulation film 21. The wiring 34 and the dii-
fusion region DFn are connected to each other by a contact
conductor CNW formed to run through the interlayer insula-
tion film 21. As has been described with reference to FIG. 2,
the contact conductors CNW and CPW are arranged inside
the feed cells FC.

Turing to FI1G. 4, the cell layout 1n FIG. 4 1s the same as 1n
FIG. 1. Each block shown by broken lines represents a cell.

As shown in FI1G. 4, the power supply wiring GV 1s formed
to extend 1n the X direction along between cell tracks CT
adjoining 1n the Y direction, and to extend in the Y direction
in the feed cells FC. The portions extending 1n the X direction
and those extending 1n the Y direction are short-circuited with
cach other to form the mesh-like power supply wiring GV.

More specifically, suppose that the standard cells SC
arranged 1n the cell tracks CT1 to CT5 are defined as standard
cells SC1 to SC5, respectively. Power supply wirings GV1 to
GV5 extend 1n the X direction along one ends (upper ends
shown 1n FIG. 4) of the standard cells SC1 to SC5 in the' Y
direction, respectively. The power supply wirings GV2 to
GV5 and a power supply wiring GV 6 extend in the X direc-
tion along the other ends (lower ends shown 1n FIG. 4) of the
standard cells SC1 to SCS in the Y direction, respectively. The
one ends (upper ends shown 1n FIG. 4) of the standard cells
SC2 to SCS5 1n the Y direction coincide with the other ends
(lower ends shown 1n FI1G. 4) of the standard cells SC1 to SC4
in the Y direction. Consequently, in FIG. 4, there are six
power supply wirings GV1 to GV6 extending 1n the X direc-
tion.

In each of the feed cells FC arranged 1n each of the cell
tracks CT1 to CT5, two power supply wirings GV 0 extend in
the Y direction. Each of the power supply wirings GV0 are
connected at one ends to the corresponding one of the power
supply wirings GV1 to GV5, and at the other ends to the
corresponding one of the power supply wirings GV2 to GV6.
As a result, the power supply wirings GV0 to GV6 form a
mesh-like configuration. As has been described with refer-
ence to FIG. 3, the power supply wirings GV0 to GV6 are
formed on the gate wiring layer G. In other words, the power
supply wirings GV0 to GV6 are formed on the same wiring
layer as the gate electrodes Gn and Gp of the transistors
NMOS and PMOS are.

Turing to FIG. 5, specific cell layout patterns will be
described.

The standard cell SC shown 1n FIG. 5 1s a two-input NOR
gate circuit. As shown i FIG. 6, the two-input NOR gate
circuit includes two P-channel MOS transistors PMOS1 and
PMOS2 connected 1n series and two N-channel MOS tran-
sistors NMOS1 and NMOS2 connected in parallel. The tran-
sistors PMOS1 and PMOS2 are connected 1n series between
power supply wiring M1V and an output node OUT. A high-
level power supply potential VDD 1s supplied to the power
supply wiring M1V. The gate electrodes of the transistors
PMOS1 and PMOS2 are connected to respective correspond-
ing input nodes IN1 and IN2. The transistors NMOS1 and
NMOS2 are connected in parallel between the output node
OUT and power supply wiring M1S. A low-level power sup-
ply potential VSS 1s supplied to the power supply wiring
M1S. The gate electrodes of the transistors NMOS1 and
NMOS2 are connected to the respective corresponding input
nodes IN1 and IN2.

The two P-channel MOS transistors PMOS1 and PMOS2
are composed of five p-type diffusion regions P1 to P3 and
tour gate electrodes Gpl to Gpd shown 1n FI1G. 5. Specifically,
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the p-type diffusion regions P1 and P2, the interposed gate
clectrode Gpl, the p-type ditfusion regions P4 and P3, and the
interposed gate electrode Gpd constitute the transistor
PMOSI1 shown in FIG. 6. The p-type diffusion regions P2 and
P3, the interposed gate electrode Gp2, the p-type diffusion
regions P3 and P4, and the interposed gate electrode Gp3
constitute the transistor PMOS2 shown 1n FIG. 6. The p-type
diffusionregions P1 and P5 are connected to the power supply
wiring M1V formed on the first wiring layer M1 through
contact conductors CP1 and CP5. The power supply wiring
M1V includes wiring portions M1Vy and a wiring portion
M1Vx. The wiring portions M1Vy are formed over the p-type
diffusion regions P1 and P5 and extend in the Y direction. The
wiring portion M1Vx extends 1n the X direction along one
end L1 of the standard cell SC in the Y direction. The wiring
portion M1VX 1s located to overlap the power supply wiring
GV1 when seen 1n a plan view. The power supply wiring GV1
simply passes through the standard cell SC along the end L1
and 1s not connected to any node 1n the standard cell SC.

The two N-channel MOS transistors NMOS1 and NMOS?2
are composed of three n-type diffusion regions N1 to N3 and
two gate electrodes Gnl and Gn2 shown in FIG. 5. Specifi-
cally, the n-type diffusion regions N1 and N2 and the inter-
posed gate electrode Gnl constitute the transistor NMOS1
shown 1n FIG. 6. The n-type diffusion regions N2 and N3 and
the interposed gate electrode Gn2 constitute the transistor
NMOS2 shown i FIG. 6. The n-type diffusion regions N1
and N3 are connected to the power supply wiring M1S
formed on the first wiring layer M1 through contact conduc-
tors CN1 and CN3. The power supply wiring M1S includes
wiring portions M1Sy and a wiring portion M1Sx. The wiring
portions M1Sy are formed over the n-type diffusion regions
N1 and N3 and extend 1n the Y direction. The wiring portion
M1S5x extends in the X direction along the other end .2 of the
standard cell SC 1in the Y direction. The wiring portion M1Sx
1s located to overlap the power supply wiring GV2 when seen
in a plan view. The power supply wiring GV2 simply passes
through the standard cell SC along the end .2 and 1s not
connected to any node in the standard cell SC.

The p-type diffusion region P3 and the n-type diffusion
region N2 are connected to a signal wiring M10OUT formed
on the first wiring layer M1 1 common through contact
conductors CP3 and CN2, respectively. The signal wiring
M1OUT corresponds to the output node OUT of the NOR
gate circuit shown 1n FIG. 6. The gate electrodes Gpl, Gp4,
and Gnl are connected to a signal wiring M1IN1 formed on
the first wiring layer M1 via a signal wiring G1 formed on the
gate wiring layer G and a through hole conductor TH1. The
signal wiring M1IN1 corresponds to one of the imnput nodes,
IN1, of the NOR gate circuit shown i FIG. 6. The gate
clectrodes Gp2, Gp3, and Gn2 are connected to a signal
wiring M1IN2 formed on the first wiring layer M1 via a signal
wiring G2 formed on the gate wiring layer G and through hole
conductors TH2. The signal wiring M1IN2 corresponds to the
other input node IN2 of the NOR gate circuit shown in FI1G. 6.

The nodes 1nside the standard cell SC are mainly connected
by using the wirings that are formed on the first wiring layer
M1 and extend 1n the Y direction. Meanwhile, as shown in
FIG. 7, nodes between a plurality of standard cells SC are
mainly connected by using wirings that are formed on the
second wiring layer M2 or the third wiring layer M3. FI1G. 7
shows three standard cells SC11 to SC13. The standard cells
SC11 to SC13 are connected by using the second wiring layer
M2 and the third wiring layer M3.

More specifically, the standard cell SC11 and the standard
cell SC12 are arranged 1n the same cell track. The standard
cell SC13 1s arranged 1n a cell track different from that of the
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standard cells SC11 and SC12. The standard cells SC11 and
SC12 thus have the same Y coordinate. The standard cells
SC11 and SC12 and the standard cell SC13 have different Y
coordinates. In the example shown 1n FIG. 7, the standard
cells SC11 to SC13 include mput nodes IN11 to IN13 and
output nodes OUT11 to OUT13, respectively. Each of the
input nodes IN11 to IN13 and the output nodes OUT11 to
OUT13 1s constituted by a signal wiring that 1s formed on the
first wiring layer M1 and extends in the Y direction.

In the example shown 1n FIG. 7, a signal wiring W1 1s
connected to the input node IN11 of the standard cell SC11. A
signal wiring W2 1s connected between the output node
OUT11 of the standard cell SC11 and the imnput node IN12 of
the standard cell SC12. A signal wiring W3 and a signal
wiring W4 are connected to the output nodes OUT12 and
OUT13 of the standard cells SC12 and SC13, respectively.
The signal wiring W2 and the input node IN13 of the standard
cell SC13 1s connected through signal wirings W3 and Weé.
The signal wirings W1 to W3 are formed on the second wiring
layer M2 so as to extend 1n the X direction. The signal wiring
W6 1s formed on the third wiring layer M3 so as to extend 1n
theY direction. In such a manner, a plurality of standard cells
are connected by using wirings that are formed on the second
wiring layer M2 and mainly extend in the X direction. If a
plurality of standard cells to be connected have different Y
coordinates, wirings that are formed on the third wiring layer
M3 and mainly extend in the Y direction are used in part.

Turning to FIG. 8, the feed cell FC includes two power
supply wirings GV0 which extend in the Y direction. The
power supply wirings GV 0 are connected at one ends to the
power supply wiring GV1 which extends 1n the X direction
along one end L3 of the feed cell FC. The other ends of the
power supply wirings GV 0 are connected to the power supply
wiring GV2 which extends 1n the X direction along the other
end L4 of the feed cell FC. The power supply wiring GV 0 thus
functions to connect the two power supply wirings GV1 and
GV2 having different Y coordinates. The mesh-like power
supply wiring 1s thereby formed as has been described with
reference to FIG. 4.

At the one end L3 of the feed cell FC, the wiring portion
M1Vx of the power supply wiring M1V 1s arranged on a layer
above the power supply wiring GV1. The wiring portion
M1VX 1s connected to the wiring portions M1Vy extending 1n
theY direction. The wiring portions M1Vy corresponds to the
wiring 34 shown 1n FIG. 3 and 1s connected to the feeding
diffusion region DFn through the contact conductors CNW.
As a result, the high-level power supply potential VDD serv-
ing as the well potential VINW 1s supplied to the n-well region
NW 1n the feed cell FC through the power supply wiring
M1V. Note that in the present invention, the well potential
VNW of the n-well region NW need not necessarily coincide
with the source potential VDD of the transistors PMOS 1n the
standard cells SC. A potential different from the source poten-
tial VDD may be applied if the back bias of the transistors
PMOS needs to be controlled.

At the other end 14 of the feed cell FC, the wiring portion
M1Sx of the power supply wiring M1S 1s arranged above the
power supply wiring GV2. In the present embodiment, the
power supply wiring M1S 1s not extended into the feed cell
FC and simply passes through the feed cell FC along the end
[.4. The reason 1s that 1n the present embodiment, a potential
different from the low-level power supply potential VSS 1s
applied as the well potential of the p-well region PW. In the
present embodiment, the well potential VPW different from
the low-level power supply potential VSS 1s applied as the
well potential of the p-well region PW. Note that in the
present invention, the well potential VPW of the p-well region




US 9,165,923 B2

9

PW need not necessarily differ from the source voltage VSS
of the transistors NMOS 1n the standard cells SC. The source
voltage VSS of the transistors NMOS may be used as the well
potential VPW of the p-well region PW.

As shown 1n FIG. 8, the power supply wiring GV 0 1n the
teed cell FC 1s connected to one end of power supply wiring
M1SPW via a through hole conductor TH3. The power sup-
ply wiring M1SPW 1s a wiring formed on the first wiring layer
M1 so as to extend 1n the Y direction 1n the feed cell FC. The
other end of the power supply wiring M1SPW 1s connected to
the diffusion region DFp on the underlying layer through the
contact conductors CPW. As shown 1in FIG. 9, in some feed
cells FC, the other end of the power supply wiring M1SPW 1s
connected to a power supply wiring M2SPW on an upper
layer via a through hole conductor TH. The power supply
wirings M1SPW and M2SPW correspond to the wirings 31
and 32 shown in FIG. 3, respectively. The power supply
wiring M2SPW 1s thus formed on the second wiring layer
M2. The contact conductors CPW and the through hole con-
ductor TH correspond to the components designated by the
same symbols in FIG. 3.

With such a configuration, as shown in FIG. 9, when the
well potential VPW 1s supplied through the power supply
wiring M2SPW, the well potential VPW 1s supplied to the
p-well region PW through the feeding diffusion region DFp
as well as to the mesh-like power supply wiring GV. Since the
power supply wiring GV according to the present embodi-
ment has the mesh-like configuration, not all the feed cells FC
need to be connected with the power supply wiring M2SPW
shown 1n FIG. 9. The well potential VPW can be supplied to
all the cell tracks CT 1if at least one of the feed cells FC
included 1n each cell track CT 1s connected with the power
supply wiring M2SPW. This can reduce the wiring density of
the wiring formed on the second wiring layer M2.

As described above, 1n the present embodiment, a potential
different from the source potential VSS of the transistors
NMOS 1s used as the well potential VPW of the p-well
regions PW. A total of three types of power supply potentials
are therefore needed, including the high-level power supply
potential VDD. According to the present embodiment, the
mesh-like power supply wiring GV 1s formed by using the
gate wiring layer GG, and the well potential VPW 1s supplied to
the power supply wiring GV. This can reduce the number of
traces of the power supply wiring M2SPW to be formed on
the second wiring layer M2.

Turning to FIG. 10, the gate wiring layer G includes the
mesh-like power supply wiring GV, the gate electrodes Gn
and Gp, and the signal wirings connected thereto. Of the
mesh-like power supply wiring GV, the portions GV2 to GVS
extending in the X direction are arranged along the ends of the
standard cells SC where no transistor 1s formed. The provi-
s10n of such portions therefore will not increase the width of
the standard cells SC in the Y direction. Since the portions
GV 0 of the mesh-like power supply wiring GV extending 1n
the Y direction are arranged in the feed cells FC, each cell
track CT needs to include at least one feed cell FC. However,
as shown 1n FIG. 11, in the present embodiment, the standard
cells SC need not include the feeding diffusion regions DEp
and DFn or the contact conductors CNW and CPW. The
standard cells SC can thus be reduced in size accordingly.
This can consequently reduce the occupied area on the semi-
conductor substrate 10.

As described above, 1n the present embodiment, the well
potential VPW of the p-well regions PW 1s supplied to the
mesh-like power supply wiring GV. As shown 1n FI1G. 12, the
second wiring layer M2 therefore need not include a large
number of the power supply wirings M25SPW each extending,
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in the X direction. In the example shown i FIG. 12, there 1s
provided only one power supply wiring M2SPW extending in
the X direction. This can reduce the number of power supply
wirings to be formed on the second wiring layer M2. The
wiring width and the number of the wirings to be formed on
the second wiring layer M2 can thus be increased accord-
ingly. Suilicient wiring areas can thus be secured even under
the circumstances where the wiring width and/or the number
of the wirings are difficult to reduce 1n proportion to the
miniaturization of the standard cells SC.

In the example shown 1n FIG. 12, a single power supply
wiring M2SPW extending 1in the X 1s used. However, the
present invention 1s not limited thereto. In another example,
as shown in FIG. 13, two power supply wirings M2SPW each
extending 1n the X direction may be used. The ends of the
power supply wirings M2SPW are connected to feed cells
FC. According to such an example, wiring running through
the area B shown 1in FIG. 13 1n the Y direction can be formed
on the second wiring layer M2. When two or more power
supply wirings M25SPW are used, the power supply wirings
M25SPW may have respective different Y coordinates as
shown 1n FIG. 14. In such a case, the areas C of the second
wiring layer M2 having the sameY coordinates as those of the
respective power supply wirings M2SPW become available
for the formation of other wiring.

The feed cell FC shown 1n FIG. 8 includes two power
supply wirings GV 0 each extending in the Y direction. How-
ever, the present invention 1s not limited thereto. In another
example, as shown 1 FIG. 15, a feed cell FCa including a
single power supply wiring GV0 extending in the Y direction
may be used. In yet another example, as shown 1n FIG. 16, a
bypass cell BC including the power supply wiring GV0
extending 1n the Y direction without the feeding diffusion
regions DFp and DFn and the contact conductors CNW and
CPW may be used. When the bypass cell BC shown 1n FIG.
16 1s used, the same cell track CT needs to include at least one
cell that includes the feeding diffusion regions DFp and DFn
and the contact conductors CNW and CPW.

As shown 1n FIG. 17, 1n contrast to the example shown 1n
FIG. 16, a feed cell FCb including the feeding diffusion
regions DFp and DFn and the contact conductors CNW and
CPW without the power supply wiring GV 0 extending 1n the
Y direction may be used. When the feed cell FCb shown in
FIG. 17 1s used, the same cell track CT needs to include at
least one cell that includes the power supply wiring GV
extending 1n the Y direction (for example, the bypass cell
BC). Alternatively, as shown 1n FIG. 18, some standard cells
SCa may 1nclude the power supply wiring GV0 so that the
power supply wiring GV 0 connects the power supply wiring
GV1 formed along one end L3 and the power supply wiring
GV2 formed along the other end L6.

Since the mesh-like power supply wiring GV 1s formed on
the gate wiring layer G, the power supply wiring GV 1s
preferably arranged to avoid pn junctions and boundaries of
diffusion regions having different impurity concentrations so
that there 1s no such junction or boundary directly below or
near. The reason 1s that an unintended MOS transistor can be
formed i1 there 1s a pn junction or a boundary of diffusion
regions directly below or near the power supply wiring GV,
The power supply wiring GV 1s therefore preferably laid out
to avoid the feeding diffusion regions DFp and DFn. In the
present embodiment, the gate wiring layer G includes a large
number of the power supply wirings GV as well as the gate
clectrodes Gn and Gp. This can cause a higher stress on the
power supply wiring GV than heretofore. A layout for easing
such a stress 1s also preferred.
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FIG. 19 shows an example of a feed cell FCc 1n which the
power supply wiring GV 1s segmented at a boundary portion
between the n-well region NW and the p-well region PW. The
ends of the two segments of power supply wiring GVa and
(GVb are connected to each other via through hole conductors
THS and TH6 and connection wiring PAS1 formed on the first
wiring layer M1. This configuration ensures the connection in
the Y direction. Since the boundary portion between the
n-well region NW and the p-well region PW 1s likely to cause

a stress, the power supply Wiring GV can be broken by the
stress 1f the power supply wiring GV extends across the
boundary portion. The layout shown in FI1G. 19 can be used to
avold such a break.

FIG. 20 shows an example of a bypass cell BCa i which
the power supply wiring GV 1s segmented to avoid the difiu-
sion region DFn formed in the n-well region NW and the
diffusion region DFp formed in the p-well region PW. The
ends of the two segments of power supply wiring GVc¢ and
(GVd are connected to each other via through hole conductors
TH7 and TH8 and connection wiring PAS2 formed on the first
wiring layer M1. This configuration ensures the connection in
theY direction. Such the configuration prevents the formation
of a parasitic transistor with the diffusion regions DFn and
DFp as the channel and the n-well region NW and the p-well
region PW as the source and drain. The present example also
cases the stress on the gate wiring layer G.

FIG. 21 shows an example of a dummy cell DC i which
the power supply wiring GV1 and GV2 extending in the X
direction 1s segmented. The ends of the two segments of
power supply wiring GV1a and GV1b are connected to each
other via through hole conductors TH9 and TH10 and con-
nection wiring PAS3 formed on the first wiring layer M1. This
configuration ensures the connection in the X direction. Simi-
larly, the ends of the two segments of power supply wiring
GV2aand GV2b are connected to each other via through hole
conductors TH11 and TH12 and connection wiring PAS4
formed on the first wiring layer M1. This configuration
ensures the connection in the X direction. Such the configu-
rations ease the stress on the gate wiring layer G. In the
example shown 1n FIG. 21, the power supply wirings GV1
and GV2 are bent toward the inside of the dummy cell DC and
connected through the connection wiring PAS3 and PAS4
inside the dummy cell DC, whereas such a configuration 1s
not indispensable.

As has been described above, the semiconductor device
according to the present embodiment includes the mesh-like
power supply wiring GV that 1s formed by using the gate
wiring layer G. And the well potential VPW 1s supplied to the
p-well regions PW through the mesh-like power supply wir-
ing GV. Consequently, the power supply wiring M2SPW {for
supplying the well potential VPW need not be formed for
cach p-well region PW, and at least one power supply wiring
M2SPW has only to be provided for the plurality of p-well
regions PW. This can reduce the wiring density of the wiring,
formed on the second wiring layer M2. The semiconductor
device according to the present embodiment is therefore
suited to a situation where a well potential different from the
operating potentials supplied to the sources of the MOS tran-
sistors 1s supplied to well regions.

However, in the present invention, the well potentials of the
well regions need not necessarily differ from the operating,
potentials of the MOS transistors. The potentials may be the
same. Next, an embodiment according to an example where
the well potentials of the well regions are the same as the
operating potentials of the MOS transistors will be described.

Turning to FIG. 22, 1 the second embodiment of the
present invention, the mesh-like power supply wiring GV
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formed on the gate wiring layer G 1s supplied with the low-
level power supply potential VSS. Mesh-like power supply
wiring M1V formed on the first wiring layer M1 1s supplied
with the high-level power supply potential VDD. The low-
level power supply potential VSS 1s also used as the well
potential of the p-well regions PW. The high-level power
supply potential VDD 1s also used as the well potential of the
n-well regions NW. Therefore, the number of the power sup-
ply potentials used 1n the present embodiment 1s two. The
power supply potentials VSS and VDD are supplied from
power supply wiring M2S and M2V formed on the second
wiring layer M2, respectively.

The power supply wiring M2S 1s wiring extending in the X
direction. The power supply wiring M2S 1s connected to a
diffusion region DFp formed in the p-well region PW through
a contact conductor CPW, and 1s connected to the mesh-like
power supply wiring GV via through hole conductors THp
As a result, the low-level power supply potentlal VSS 1s
supphed to the diffusion regions DFp formed 1n the p-well
regions PW and to the sources of the N-channel MOS tran-
sistors NMOS formed in the p-well regions PW.

The power supply wiring M2V 1s also wiring extending in
the X direction. The power supply wiring M2V 1s connected
to a diffusion region DFn formed in the n-well area NW
through a contact conductor CNW, and 1s connected to the
mesh-like power supply wiring M1V wvia through hole con-
ductors THn. As a result, the high-level power supply poten-
tial VDD 1s supplied to the diffusion regions DFn formed in
the n-well regions NW and to the sources of the P-channel
MOS transistors MPS formed 1n the n-well regions NW.

Even 1n the example of FI1G. 22, the semiconductor device
includes a plurality of cell tracks CT. Each cell track CT
includes a plurality of standard cells SC and feed cells FC
which are arranged in the X direction. In that respect, the
present embodiment 1s the same as the foregoing first embodi-
ment. In the present embodiment, the mesh-like power supply
wiring GV 1s supplied with the power supply potential VSS,
and the mesh-like power supply wiring M1V is supplied with
the power supply potential VDD. A single power supply
wiring M2S and a single power supply wiring M2V can thus
be allocated for the plurality of cell tracks CT. This canreduce
the wiring density of the wirings formed on the second wiring
layer M2.

In the present embodiment, the power supply wiring GV of
the gate wiring layer G forms a mesh of the power supply
potential VSS. The gate wining layer G therefore preferably
has a wiring resistance as low as possible. A gate wiring layer
G 1s typically made of doped polysilicon, which has a wiring
resistance higher than that of metal material used for the
upper wiring layers. In the present embodiment, the gate
wiring layer G 1s thus preferably made of metal matenal.

As described above, in the present embodiment, the gate
wiring layer G 1s used to form a mesh of the power supply
potential VSS, and the first wiring layer M1 1s used to form a
mesh of the power supply potential VDD. Power supply
meshes to be formed on the wiring layers above the first
wiring layer M1 can thus be simplified or even omitted in
some cases. This significantly reduces the number of the
power supply wirings to be formed on the wiring layers above
the first wiring layer M1, so that a greater number of signal
wirings can be allocated accordingly.

As describe above, 1n the first and second embodiments, a
power supply mesh 1s formed by using the gate wiring layer
G. However, this 1s not indispensable to the present invention.
Next, an embodiment according to an example where a power
supply mesh 1s formed by using a plurality of wiring layers
including the gate wiring layer G will be described.
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Turning to FIG. 23, in the third embodiment of the present
invention, power supply wiring GVV and GVS formed on the
gate wiring layer G extends mainly 1n the Y direction. Power
supply wiring M1V and M1S formed on the first wiring layer
M1 extends mainly in the X direction. The power supply
wirings GVV and GVS on the gate wiring layer G are
arranged 1n feed cells FC in parallel. The power supply wiring
GVYV and the power supply wiring M1V are connected via
through conductors THv. The power supply wiring GVS and
the power supply wiring M1S are connected via through hole
conductors THs. Consequently, there are formed two power
supply meshes. The power supply potential VDD 1s supplied
to the power supply wiring M1V through a power supply
wiring M2V which extends in the X direction on the second
wiring layer M2. Stmilarly, the power supply potential VSS 1s
supplied to the power supply wiring M1S through a power
supply wiring M2S which extends 1n the X direction on the
second wiring layer M2.

The power supply wiring M1S formed on the first wiring
layer M1 1s connected to the diffusion regions DFp formed 1n
the p-well regions PW through contact conductors CPW, and
1s supplied to the sources of the N-channel MOS transistors
NMOS formed in the p-well regions PW. The power supply
wiring M1V formed on the first wiring layer M1 1s connected
to the diffusion regions DFn formed 1in the n-well regions NW
through contact conductors CNW, and 1s supplied to the
sources of the P-channel MOS transistors PMOS formed 1n
the n-well regions NW.

Even 1n the example shown 1n FIG. 23, the semiconductor
device 1ncludes a plurality of cell tracks CT. Each cell track
CT includes a plurality of standard cells SC and feed cells FC
which are arranged 1n the X direction. In that respect, the
present embodiment 1s the same as the foregoing first and
second embodiments. Like the first and second embodiments,
a single power supply wiring M2S and a single power supply
wiring M2V can thus be allocated for the plurality of cell
tracks CT. This can reduce the wiring density of the wiring,
tformed on the second wiring layer M2.

Also, 1n the present embodiment, the power supply wiring
G VYV formed on the gate wiring layer G and the power supply
wiring M1V formed on the first wiring layer M1 are used to
construct the mesh-like VDD wiring 1n a three-dimensional
manner. The power supply wiring GVS formed on the gate
wiring layer G and the power supply wiring M1S formed on
the first wiring layer M1 are used to construct the mesh-like
VSS wiring 1n a three-dimensional manner. Therefore, evenif
the gate wiring layer G and the first wiring layer M1 have a
large difference in the wiring resistance, the two mesh-like
power supply wirings have little difference in the wiring
resistance.

Each cell in the cell tracks CT 1s arranged with reference to
predetermined grids. ITN 1s the minimum unit of the grids, the
length of each cell 1n the X direction 1s expressed as 4Na,
where a 1s a natural number. FIG. 23 shows an example where
the feed cells FC have a length of 4N 1n the X direction and the
standard cells SC have a length of 8N 1n the X direction. The
ends of the cells 1n the X direction are conditioned to be laid
out along grids g shown 1n FIG. 23. The grids g refer to grids
that extend 1n the Y direction and appear at every 4N.

If such a condition 1s satisfied, the power supply wiring GV
are formed on the gate wiring layer G along grids g1 and g2 1n
the feed cells FC. The grids gl refer to grids that extend 1n the
Y direction and appear at every 4N, with a shift of N 1n the X
direction with respect to the grids g. The grids g2 refer to ones
that extend 1n the Y direction and appear at every 4N, with a
shift of 3N 1n the X direction with respect to the grids g. The
through hole conductors THv are arranged at intersections
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between the power supply wiring M1V extending in the X
direction and grnids gl. The through hole conductors THs are
arranged at intersections between the power supply wiring
MI1S and grids g2. Such an arrangement can form the fore-
going two three-dimensional mesh-like power supply wir-
Ings.

Next, a design apparatus and a method for designing a
semiconductor device according to a preferred embodiment
of the present invention will be described.

Turming to FIG. 24, the design apparatus 100 includes an
input device 110, an output device 120, a processing unit 130
which 1s connected to the devices 110 and 120, and a library
140 1n which the layout of a plurality of standard cells SC and
teed cells FC 1s registered. The design apparatus 100 can thus
be constituted by using a typical computer that runs on a
program. When circuit data on a circuit block to be designed
1s mput through the mput device 110, the design apparatus
100 outputs corresponding layout pattern data from the out-
put device 120. The layout pattern data refers to data that
describes a physical device configuration for implementing
the circuit block. The layout pattern data includes position
data and shape data about diffusion layers, gate electrodes,
signal wirings, power supply wirings, contact conductors,
and through hole conductors.

As shown 1n FIG. 25, circuit data on a circuit block to be
designed 1s imitially mnput through the input device 110 (step
S1). The mput circuit data 1s supplied to the processing unit
130. The processing umt 130 analyzes the circuit data, and
identifies a plurality of standard cells SC needed and a com-
bination thereof from among a large number of standard cells
SC registered 1n the library 140 (step S2). Next, the process-
ing unit 130 arranges the selected plurality of standard cells
SC 1nto a plurality of cell tracks CT (step S3). Each standard
cell SC includes power supply wiring GV along the bound-
aries of the cell track C'T, whereby a plurality of power supply
wirings GV each extending in the X direction are formed. It
will be understood that such processing 1s mnformation pro-
cessing executed inside the design apparatus 100, and no
physical cell 1s actually arranged on a semiconductor sub-
strate. The processing only includes virtually laying out the
standard cells SC 1n the virtual cell tracks CT defined 1n the
design apparatus 100. The same applies for the following
processing.

Next, the processing unit 130 inserts at least one feed cell
FC 1nto each cell track CT (step S4). This fixes the layout of
the cells constituting the circuit block. The plurality of power
supply wirings GV each extending in the X direction are
short-circuited by power supply wirings GV that are formed
in the feed cells FC and extend 1n the Y direction. This forms
a mesh-like configuration.

The processing unit 130 then generates needed wirings on
the first wiring layer M1, the second wiring layer M2, and the
third wiring layer M3 1n order, and generates needed through
hole conductors and contact conductors to complete the lay-
out pattern data (step S3). The generated layout pattern data 1s
output from the output device 120 (step S6). A series of
processing 1s thus completed.

Turning to FIG. 26, a specific circuit configuration of a
semiconductor device to which the present invention can be
applied will be described.

The semiconductor device 50 according to the present
embodiment1s a DRAM, and includes amemory cell array 51
as shown 1n FIG. 26. The memory cell array 51 includes a
plurality of word lines WL and a plurality of bit lines BL
which intersect each other. Memory cells MC are arranged at
the intersections. The word lines WL are selected by a row
decoder 52. The bit lines EL are selected by a column decoder
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53. The bat lines BL are connected to respective correspond-
ing sense amplifiers SA 1n a sense circuit 54. The bit lines BL
selected by the column decoder 53 are connected to an ampli-
fier circuit 53 through the sense amplifiers SA.

The operation of the row decoder 52, the column decoder
53, the sense circuit 54, and the amplifier circuit 55 1s con-
trolled by an access control circuit 60. An address signal ADD
1s supplied from outside to the access control circuit 60
through an address terminal 61 and an address input circuit
63. A command signal CMD 1s supplied from outside to the
access control circuit 60 through a command terminal 62 and
a command 1nput circuit 64. The address input circuit 63
functions to receive and amplify the address signal ADD
supplied to the address terminal 61. Similarly, the command
input circuit 64 functions to recerve and amplity the com-
mand signal CMD supplied to the command terminal 62. The
access control circuit 60 recerves the address signal ADD and
the command signal CMD, and controls the row decoder 52,
the column decoder 53, the sense circuit 54, and the amplifier
circuit 55 based on the address signal ADD and the command
signal CMD.

Specifically, 11 the command signal CMD 1ndicates an
active operation of the semiconductor device 50, the address
signal ADD 1s supplied to the row decoder 352. The row
decoder 52, 1n response, selects a word line WL 1ndicated by
the address signal ADD, whereby corresponding memory
cells MC are connected to the respective bit lines BL. The
access control circuit 60 then activates the sense circuit 34 at
predetermined timing.

If the command signal CMD indicates a read operation or
a write operation of the semiconductor device 50, the address
signal ADD 1s supplied to the column decoder 53. The col-
umn decoder 33, in response, connects bit lines BL indicated
by the address signal ADD to the amplifier circuit 53. In aread
operation, read data DQ) read from the memory cell array 51
through the sense amplifiers SA 1s thereby output from a data
terminal 71 to outside through the amplifier circuit 35 and a
data mput/output circuit 70. In a write operation, write data
DQ supplied from outside through the data terminal 71 and
the data mput/output circuit 70 1s written into the memory
cells MC through the amplifier circuit 55 and the sense ampli-
fiers SA.

Such circuit blocks use respective predetermined internal
voltages as their operating power supply. The internal volt-
ages are generated by a power supply circuit 80 shown 1n FIG.
26. The power supply circuit 80 recerves an external potential
VDD and a ground potential VSS supplied through power
supply terminals 81 and 82, respectively. Based on the poten-
tials, the power supply circuit 80 generates internal voltages
VPP, VPERI, VARY, etc. The internal voltage VPP 1s gener-
ated by boosting the external potential VDD. The internal
voltages VPERI and VARY are generated by stepping down
the external potential VDD.

The internal voltage VPP 1s a voltage that 1s mainly used in
the row decoder 52. The row decoder 52 drives the word line
WL selected based on the address signal to the VPP level,
thereby making the cell transistors included in the memory
cells MC conducting. The internal voltage VARY 1s a voltage
that 1s mainly used 1n the sense circuit 54. The sense circuit
54, when activated, drives either one of each pair of bit lines
to the VARY level and the other to the VSS level, thereby
amplifyving read data that i1s read out. The internal voltage
VPERI 1s used as the operating voltage of most of the periph-
eral circuits including the access control circuit 60. Since the
internal voltage VPERI lower than the power supply voltage
VDD supplied from outside 1s used as the operating voltage of
the peripheral circuits, the semiconductor device 50 1s

10

15

20

25

30

35

40

45

50

55

60

65

16

reduced in power consumption. While the foregoing standard
cells SC are described to use the voltage VDD, the internal
voltage VPERI may be used instead.

With the semiconductor device 50 having such a configu-
ration, the present invention may be applied, for example, to
circuit blocks included 1n the access control circuit 60.

It 1s apparent that the present invention 1s not limited to the
above embodiments, but may be modified and changed with-
out departing from the scope and spirit of the mvention.

What 1s claimed 1s:

1. A semiconductor device comprising:

a plurality of first standard cells arranged on a semicon-
ductor substrate 1n a first direction, each of the first
standard cells including at least one field-efiect transis-
tor; and

a first power supply wiring extending in the first direction
along one end of the first standard cells,

the field-effect transistor including a gate electrode formed
on a gate wiring layer,

the first power supply wiring being formed on the gate
wiring layer, the gate electrode and the first power sup-
ply wiring being formed in the same layer.

2. The semiconductor device as claimed in claim 1, further
comprising a second power supply wiring extending in the
first direction along the other end of the first standard cells,

wherein the second power supply wiring 1s formed on the
gate wiring layer.

3. The semiconductor device as claimed 1n claim 2, further
comprising a third power supply wiring extending 1n a second
direction and electrically connecting the first power supply
wiring to the second power supply wiring,

wherein the third power supply wiring 1s formed on the
gate wiring layer.

4. The semiconductor device as claimed 1n claim 3, further

comprising;

a plurality of second standard cells arranged on the semi-
conductor substrate 1n the first direction, each of second
standard cells including at least one field-effect transis-
tor; and

a fourth power supply wiring that extends 1n the first direc-
tion along one end of the second standard cells,

wherein the fourth power supply wiring 1s formed on the
gate wiring layer.

5. The semiconductor device as claimed in claim 4,
wherein the one end of the first standard cells substantially
coincides with the other end of the second standard cells.

6. The semiconductor device as claimed 1in claim 3,
wherein

the semiconductor substrate includes a first well region of
a {irst conductivity type that 1s common to the first stan-
dard cells,

at least some of the field-¢
the first well region, and

a predetermined well potential 1s supplied to the first well
region through the first power supply line.

7. The semiconductor device as claimed in claim 6,

wherein

the semiconductor substrate includes a second well region
of a second conductivity type opposite to the first con-
ductivity type that 1s common to the first standard cells,
and

at least some other of the field-effect transistors are formed
on the second well region.

8. The semiconductor device as claimed 1n claim 6, further

comprising a feed cell interposed between two of the first
standard cells,

il

‘ect transistors are formed on




US 9,165,923 B2

17

wherein the third power supply wiring 1s arranged on the
teed cell.

9. The semiconductor device as claimed 1in claim 8,
wherein

the first well region includes a feeding diffusion region to

which the well potential 1s supplied, and

the feed cell includes a first contact conductor that supplies

the well potential to the diffusion region.

10. The semiconductor device as claimed in claim 3,
wherein

the third power supply wiring 1s divided into first and

second portions, and

the first portion and the second portion are short-circuited

through another wiring layer lying above the gate wiring
layer.

11. The semiconductor device as claimed in claim 7,
wherein

the third power supply wiring 1s divided into first and

second portions,

one end of the first portion and one end of the second

portion are short-circuited through another wiring layer
lying above the gate wiring layer, and

a boundary between the first well region and the second

well region 1s formed between the one end of the first
portion and the one end of the second portion.

12. The semiconductor device as claimed in claim 9,
wherein

the third power supply wiring 1s divided into first and

second portions,

one end of the first portion and one end of the second

portion are short-circuited through another wiring layer
lying above the gate wiring layer, and

the diffusion region 1s formed between the one end of the

first portion and the one end of the second portion.

13. The semiconductor device as claimed in claim 1,
wherein

the first power supply wiring 1s divided into third and fourth

portions, and

the third portion and the fourth portion are short-circuited

through another wiring layer lying above the gate wiring
layer.

14. The semiconductor device as claimed 1in claim 3, fur-
ther comprising a fifth power supply wiring formed on a first
wiring layer lying above the gate wiring layer,

wherein the first to third power supply wirings and the fifth

power supply wiring are supplied with different power
supply potentials from each other.

15. The semiconductor device as claimed in claim 14,
turther comprising a sixth power supply wiring and a seventh
power supply wiring that are formed on a second wiring layer
lying above the first wiring layer, wherein

the sixth power supply wiring and the seventh power sup-

ply wiring extend 1n the first direction,
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the sixth power supply wiring 1s electrically connected to
the first to third power supply wirings through a second
contact conductor, and

the seventh power supply wiring 1s electrically connected

to the fifth power supply wiring through a third contact
conductor.

16. The semiconductor device as claimed 1n claim 2, fur-
ther comprising an eighth power supply wiring and a ninth
power supply wiring that are formed on a first wiring layer
lying above the gate wiring layer and extend in the second
direction, wherein

the eighth power supply wiring is electrically connected to

the first power supply wiring through a fourth contact
conductor, and

the ninth power supply wiring 1s electrically connected to

the second power supply wiring through a fifth contact
conductor.

17. The semiconductor device as claimed in claim 16,
turther comprising a tenth power supply wiring and an elev-
enth power supply wiring that are formed on a second wiring
layer lying above the first wiring layer, wherein

the tenth power supply wiring and the eleventh power

supply wiring extend 1n the second direction,

the tenth power supply wiring 1s electrically connected to

the eighth power supply wiring through a sixth contact
conductor, and

the eleventh power supply wiring 1s electrically connected
to the ninth power supply wiring through a seventh con-
tact conductor.

18. A semiconductor device comprising:

a first power supply wiring extending 1n a first direction and
formed on a first wiring layer;

a second power supply wiring extending 1n the first direc-
tion and formed on the first wiring layer, the second
power supply wiring being provided independently of
the first power supply wiring; and

a third power supply wiring extending 1n a second direction
different from the first direction and formed on a gate
wiring layer on which a gate wiring of a transistor 1s
formed, the third power supply wiring and the gate wir-
ing being formed in the same layer, the third power
supply wiring electrically connecting the first power
supply wiring to the second power supply wiring.

19. The semiconductor device as claimed in claim 18,
wherein the first to third power supply wirings are formed on
a cell rack on which a plurality of standard cells are arranged.

20. The semiconductor device as claimed i1n claim 18,
wherein the first to third power supply wirings are formed in
a standard cell.

21. The semiconductor device as claimed 1n claim 18,
wherein the first wiring layer 1s the gate wiring layer.

22. The semiconductor device as claimed 1n claim 18,
wherein the first wiring layer 1s provided above the gate
wiring layer.
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